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FOREWORD

We at Northern Arizona University appreciate the role we have had as spon-
soring institution for the Occupational Research Coordinating Unit which, as an
arm of our School of Applied Science and Technology, produced this report with
widespread support from industry and educators throughout Arizona. It is the
function of the University to lend its facilities and staff to meaningful research
which may as this report does in several ways challenge its very own pro-
cedures and curricula. We recognize this as a responsibility of growth. We wel-
come the opportunity for critical and constructive self-examination, recognizing
that the University must be ever capable of adaptation to new needs and changing
times.

We commend this report to your most careful study. We hope its implications
are widespread for industry and to all educators involved in the growing disciplines
of engineering and technology. The data compiled, the opinions and comments
offered by employers and students, the recommendations of the experts who served
as panelists in preparation of the study and its analysis; all these aspects call for
thoughtful and unhurried investigation. There are in this report a multitude of ideas
for your review as an educator or as an industrialist.

During the last ten years, specIal emphasis has been placed on the training of
space-age scientists. This was done with haste and with a limited commitment of
resources. Many have questioned the overemphasis on technology at the expense
of adequate understanding and development in the humanities. In the report,
engineers, technicians and skilled craftsmen have indicated a need for training in
communications, social science, business and humanities to give their scientific
knowledge a more practical application in human and personnel relations and in
salesmanship. Leadership in industry confirms this attitude and need.

At the same time it is pointed out that it is equally true that education must
be related to the working world in which we live. This is especially true of engi-
neering and industrial education. In our concern for knowledge we sometimes
overlook the practical uses to which it must be applied in the professions, in busi-
ness and industry, and in other areas of employment. This study focuses its main
attention on the needs of industry for what the schools can provide. We in the
universities want to know how we can best serve those needs. We are deeply
conscious of the public responsibility we have to the economic strength of our
state and nation. We are equally conscious of the obligation we have to our
students to give them the best preparation it is possible to provide for successful
careers in their respective fields.

This report hopes to provide some suggestions as to ways to help to bring
about closer coordination. It attempts to build another bridge from the campus
to the world of work, one which is particularly needed at this time.

0/0:e....e.......-&4-.es
J. LAWRENCE WALKUP, President
Northern Arizona University
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CHAPTER I

INTRODUCTION

Modern industry is built around engineering and technology. It depends

on engineers, technicians, and skilled craftsmen for most of its key manpower --

from research to sales, from product development and production through super-

vision and management. The personnel who staff these positions are the products

of an educational system that increasingly has come to play a major role in the

nation's economic life. Colleges and universities, along with other educational

institutions, are as important today in industrial development as an energy sup-

ply and transportation were in the past.

This report deals with that educational system and with the manpower it

produces for industrial employment. The primary purpose of the study is to

assist educators in meeting the needs of industry as well as those of their

students. Neither group can be properly served unless the other is also recog-

nized. Engineering and technology in recent years have changed so rapidly, with

many of the changes so basic and far-reaching that a complete reassessment is

becoming necessary.

A central question is: What kinds of educational programs are needed to

prepare students for engineering, technical, and skilled industrial employment

in the years ahead? In this aspect the main focus is on the needs of industry.

What programs do we have now which should be modified or updated? Must new

programs be added? Which are significant areas in present curricula that may

need strengthening or critical re-examination? Should new curricula and per-

haps new programs be designed to educate students for new combinations of en-

gineering and technical specialization? Can employment requirements in indus-

try be better served by schools through modifications in engineering and techni-

cal education? Can the experience and professional judgment of men on the job

help educators in efforts to produce better trained and better educated persons?

What are the employment practices, job requirements, and career opportunities

that should be made known to young people planning educational programs and

careers? These questions have important relevancies to both education and in-

dustry. ln this report, industry has been asked to supply the answers.

An outline of the existing educational system is presented first. This

encompasses problems which have arisen and the extensive soul-searching that
has been engendered in consideration of needed changes. This is the "State of

the Art" described in Chapter II. Arizona's educational resources are identi-

fied against this background in Chapter III, which includes the telling results

1



of an in-depth survey of engineering and technology students enrolled in

Arizona's three state universities and six junior colleges.

Three chapters contain results of a survey of industry. All employers

and employees in the state who could be identified with engineering, technical,

and skilled occupations were interviewed or asked to complete questionnaires.
Chapter IV contains computer printout tables of data from this survey and a
general summary of the results. A series of occupational profiles and the
statistical data on which they are based are given in Chapter V. Chapter VI

is a report of the suggestions and recommendations for education made in the

survey by employers and employees based on their own experiences.

Chapter VII was prepared by the Arizona State Employment Service to pro-
vide the economic context within which engineering and technology operate today

and may be expected to develop in years ahead. A considerable amount of rele-
vant information has been assembled and analyzed dealing with population and
employment trends, geographic distribution within the state, and critical fac-
tors affecting the future development of industry in Arizona and the manpower
resources upon which it depends.

Finally, some of the possible changes and trends taking place nationally
are explored in Chapter VIII through reports of current research and related

literature.

Conclusions and recommendations presented in the last chapter are sug-

gestive only. No single analysis would be adequate. The informaticn alone
which has been gathered and presented is by far the most important product of

the research. This compilation may serve educators, industrial management,
students and the public for several years, and from time to time may be brought
up to date with less effort than was required initially. Moreover, its use

need not be confined to this state. Arizona's industrial structure is fairly
representative of present trends, therefore information assembled here may apply
in varying degrees elsewhere.

The major research for this report was the industrial survey. In carrying

it out, a list of all employers in Arizona using engineering or technical person-
nel wus first compiled with the assistance of the State Employment Service.
Thirty-three standard industrial classifications (SIC) were used as the basis

of the list. These included mining, contract construction, transportation, com-
munications, utilities, services, and government agencies. To this list were
added self-employed engineers from the rosters of the Arizona Society of Pro-
fessional Engineers and the Technical Board of Registration for Consulting Engineers.
Altogether, 4,099 employers were identified. This number was reduced in several
stages by eliminating those who did not employ engineers or related personnel.
Further refinements were made in consultation with the Employment Service and
through mail and personal contacts. The ultimate select list included 610 epployers
with an estimated total employment (engineering and non-engineering) of 140,000.

Survey questionnaires were designed with the assistance of two review
panels meeting together. One consisted of key educators representing each of
the state's three universities, six junior colleges, several major high school
districts, the State Department of Vocational Education, and the State Board
for Junior Colleges. The second panel was made up of representatives of in-
dustry, professional, technical, and labor groups. (The panel members are listed
at the beginning of this report).



Two questionnaires were designed for the survey, one for employer inter-

views and the other for employees to answer privately. Parallel questions

were included where similar data were to be gathered. Some of the data repre-

sented statements of fact regarding salary levels, employment practices, and

educational qualifications. Other data were the personal opinions of management

and employees. They dealt with career choice, conditions of employment, job

satisfaction, educational requirements, and changing technical skills and know-

ledge. The employer interview contained 32 questions seeking 139 separate items

of information and additional voluntary comments or suggestions. The employee

questionnaire had 27 questions directed toward 108 separate items of information

and also solicited confidential comments and suggestions.

Thirty-six basic occupational categories were used in the survey. These

were derived from a list of 357 titles in 15 categories listed in the Worker

Traits Section of the Dictionary of Occupational Titles (DOT).1 They were

selected in conferences with the State Employment Service and the personnel

departments of several representative firms in the Phoenix area. The purpose

was to arrive at a limited number of occupations which would be inclusive

rather than specific and together would cover the entire range of industrial

employment from skilled craftsmen to professional engineers.

It must be emphasized that when the survey was carried out the classifi-

cation of each employee was made solely by his employer. Employers were asked

to include all engineers, technicians, and skilled craftsmen and to identify

each of them in one of the thirty-six categories. In doing so, they were

asked to consider primarily the nature of the work performed and the education

normally required, regardless of the formal education an employee might have.

A staff of twenty persons conducted the survey. This staff included

technical and vocational faculty members from two junior colleges and two

high schools and graduate and undergraduate students from two universities.

Each of the 610 employers on the final survey list ws contacted in person by

a member of the research staff and asked to participate. Ninety-five per cent

did so, including all major employers in the state. They were interviewed

separately for each occupation in which they had persons employed, and alto-

getLier 1,570 interviews were completed. At the time of the interview, arrange-

ments were made for the employer to distribute questionnaires to all employees

in each occupation. A total of 13,589 questionnaires were distributed. Of

these, 3,926 were completed and returned, representing an employee response

of 29%.

Several control measures were used in conducting the survey. Employee

questionnaires were serialized and assigned to field interviews in numerical

blocks. The interviewers gave them to the employers in the required quantity

for each occupation and recorded the serial numbers on the employer inter-

view forms. Serial numbers assigned to all occupations in a company were

recorded on an employer identification card and then transferred to a master

list in numerical order. Two sets of employer cards were maintained. One

was kept on file in the research office and one was assigned on a daily or

weekly basis to the field interviewers. These cards were recorded when assigned,

and they were checked in when returned. They contain the name of the field

1
U.S., Department of Labor, Dictionary of Occu ational Titles (3rd ed.;

Washington: U.S. Government Printing Office, 1965), II, 214-529.



interviewer, the dates of the interviews, the name of the company representative

who had arranged the interviews, and the serial numbers of the employee question-

naires distributed. In the case of employers who said they had no engineers or
technical personnel, their cards were marked "none" and filed separately. Em-

ployer forms and personnel questionnaires were checked for coding and the respon-
ses key punched for data processing. At the end of the survey a hand count was
made of all employer cards, completed questionnaires, and sets of key punched

cards, and the totals checked with corresponding figures in the computer print-
out.

Employer responses were tabulated by the number of persons employed total-

ing 13,509 engineering, technical, and skilled personnel. Employee responses

represent 3,926 of these. These are the employment figures upon which the data
in this report are based. They are not necessarily complete for any particular
occupation or for the state as a whole for several reasons: they represent the
employers' own listing of personnel by occupations rather than an objective
classification based on education or any other criteria; some employers may not
have included all of their personnel due to oversight or other reasons; and
some employers with engineers or technicians may have been omitted from the
survey in spite of every effort to develop a complete list.

All of the data collected in the survey were key punched and processed
in the data processing center at Northern Arizona University. They were

printed out in a set of basic data tables listing numbers and percentages of
responses to each question, and in a series of summary tables giving percentages
of employer and employee responses side by side for purposes of comparison.
There are 43 pages of data arranged in 20 summary tables containing the major
results and findings of the industrial survey.

In the student survey, registration lists for the fall semester of 1967
were used and questionnaires were sent to nearly all undergraduate and graduate
students in engineering and technology at the three universities and six junior
colleges.2

Altogether, 6,130 questionnaires were sent out, and 2,092 (347) were
returned. Information was gathered about each student's current educational
status, college program, high school preparation, work experience, career
choice, career goals, and opinion as to the reasons for other students drop-
ping out. The printout tables in Chapter III contain the percentages of re-
sponses to each question tabulated for the entire group and for each of
twenty-nine subdivisions representing individual institutions, year in school,
type of program, and students with certain kinds of background experience.

Industrial expansion and technological advances for many years have
created heavy demands on engineering and technical education. This report
is intended to help educators and industry understand the nature of those
demands and find ways of working together to meet them. It should serve as a
guide to educators in program planning and development. It should provide
administrators, governing boards, and the legislature with information upon
which decisions may be made and policies established. It should be useful to

2Engineering students in to junior colleges and graduate students at
the University of Arizona could not be included because registration lists were
unavailable at the time.
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employers both as a guide in developing their own educational services and

as an assessment of the educational resources available in this state. The

interest of many readers of this report may be simply in the detail with

which a significant feature of modern society is documented -- the interde-

pendence of industry and education.



CHAPTER II

STATE OF THE ART

Overviou

'Engineering and Technology in Arizona" must be considered both as a study

of a vital .interest in an advancing weGtern state, and as a reflection -- if

not a microscopic view -- of -,problems facing industry and education the nation

over. In 1963 the American Society for Engineering Education (ASEE) began a study

of the goals of engineering education. It was no ordinary project. The

President of Pennsylvania State University, Eric A. Walker, was chairman

of the Goals Committee. Joseph M. Pettit, Dean of Engineering at Purdue

University, headed the undergraduate section. The National Science Foundation

provided financing with two grants totalling $307,190. Professional staffs

were assembled at Purdue and Stanford, and their work was reviewed by graduate
and undergraduate boards of analysts representing a blue ribbon list of the

nation's leading industrial corporations and outstanding universities. A

preliminary report was published in October, 1965, and an interim report in

April, 1967. The final report appears in the January, 1968, issue of the Journal

of Engineering Education.

Similar intensive study is going on at all levels of technical and

industrial education. Science and technology are forcing such fundamental
changes in industry, and industry is expanding so rapidly, that the education

of all personnel is undergoing substantial reorganization. The educational

needs of engineers, technicians, and skilled craftsmen are closely related,

one to the other. Decisions affecting one inevitably will have direct reper-

cussions on others.

"Engineering" is defined by the Engineer's Council for Professional

Development (ECPD) as "the profession in which a knowledge of the mathematical

and natural sciences gained by study, experience, and practice is applied with

judgment to develop ways to utilize, economically, the materials and forces of

nature for the benefit of mankind."1 Engineering education is primarily a four-

year program in our colleges and universities which has evolved during a century

of American development paralleling the Industrial Revolution. In 1967 there

were 185 institutions in the United States offering accredited baccalaureate

engineering degree programs.

"Technology" is a comparatively new occupational area related to engineering.

According to ECPD, it combines scientific and engineering knowledge with technical

skills in support of engineering; "it lies in the occupational spectrum between

1
Engineer's Council for Professional Development, 35th Annual

Report for the Year Ending September 30 1967 (New York: ECPD, 1967),

definition on back cover.

6
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the craftsman and the engineer at the end closest to the engineer."2 The Presi-
dent's Committee on Scientists and Engineers defines a technician as one who
IIassi as the more routine engineering functions necessary in a growing technologi-

cally based economy."3 The education of technicians has evolved from more than a

half-century of industrial education in the secondary schools and colleges. It

emerged as a post-high school program in the 1940s, largely as a result of World

War II. Twenty years of constantly accelerating expansion since then have given

it a well recognized academic role.

Next to technicians are skilled craftsmen, who require a high level of

proficiency in the use of tools and machines. Their education has been provided

largely through a combination of high school industrial arts, vocational education,

apprenticeship programs, and on-the-job training.

Engineering Education

Present Characteristics: Two particular trends have been influencing the

development of engineering education in Che past half-century. One is specializa-

tion, with ever increasing curricula designed to produce engineers in specific

fields. In 1966 ECPD listed 17 major categories of accredited curricula leading

to first degrees in engineering. These were divided into 54.sub-categories by

the institutions in which they were offered.
4 In 1967 major categories were

dropped, but the number of sub-categories was increased to 59.5 Three years ago

there were literally 899 different kinds of accredited engineering curricula in

the United States, and the number continues to grow each year. 6

As contrasted to specialization, the second trend is to expand the curricula

to add more context. This ccces partly from the increasing volume of scientific
and technical knowledge, and partly from an effort within the profession to achieve

greater unity.

A series of landmark reports have been issued by the American Society for

Engineering Education and its committees, especially during the past 20 to 30

years, emphasizing technical and general course materia1.7 The most influential

of these is known as the Grintner Report, published in 1955. Its aims and

philosophy have become so widespread that they probably describe the main features

of engineering education in most schools at the present time. The following

2Ibid.

31Quoted in William John Schill and Joseph Paul Arnold, Curricula

Content for Six Technologies (Urbana, Illinois: Bureau of Educational

Research and the Department of Vocational and Technical Education, College

of Education, University of Illinois, 1965),

4ECPD, 34th Annual Report, pp. 42-48.

5ECPD, 35th Annual Report, pp. 75-80.

6American Society for Engineering Education, Goals of Engineering

Education Interim Report (Lafayette, Indiana: ASEE, April, 1967), p. 23.

7ASEE, Goals of Engineerg Education Preliminar Report (Lafayette,

Indiana: ASEE, October, 1965), Appendix A, p. 84.
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sumaary illustrates what has happened:

Engineering Education must contribute to the development
of men who can face new and different engineering situations
with imagination and competence. Meeting such situations
invariably involves both professional and social responsibili4es.
The Committee considers that scientifically oriented engineering
curricula are essential to achieve these ends and recommends the
following means of implementation:

1. A strengthening of work in the basic sciences, including
mathematicu, chemistry, and physics.

2. The identification and inclusion of six engineering
sciences, taught with full use of the basic sciences, as a common
core of engineering curricula, although not necessarily composed
of common courses.

3. An integrated study of engineering analysis, design
and engineering systems for professional background, planned
and carried out to stimulate creative and imaginative thinking,
and making full use of the basic and engineering sciences.

4. The inclusion of elective subjects to develop the
special talenta of individual students, to serve the varied
needs of society, and to provide flexibility Of. opportunity
for gifted students.

5. A continuing, concentrated effort to strengthen and
integrate work in the humanities and social sciences into
engineering programs.

6. An insistence upon the development of a high level
of performance in the oral, written, and graphical communication
of ideas.

7. The encouragement of experiments in all areas of
engineering education.

8. The strengthening of graduate programs necessary
to supply the needs of the profession, conducted in those
institutions that can:

a. provide a specially qualified faculty,
b. attract students of superior ability, and
c. furnish adequate financial and administrative

support.
9. Positive steps to insure the maintenance-offaculties

with the intellectual capacity as well as the professional and
scholarly attainments necessary to implement the preceding
recommendations. These steps include:

a. well-established recruitment, development, and
evaluation procedures,

b. favorable intellectual atmosphere, reasonable
teaching loads, and adequate physical facilities,
and

c. salary scales based on the recognition that the
required superior faculty can be secured only
by competitive remuneration, since professional
practice in industry and governmei,t is inherently
attractive to the best minds in engineering.

10. The consideration of these recommendations at this
time before the problems of educating greatly increased numbers of



engineers become critical.
8

9

Efforts by engineering educators to realize these objectives have strengthened

the core of engineering sciences; they have broadened engineering to include more ,

liberal arts; and thus they have added to an already overburdened curriculum.

Tt is.this last feature of engineering education that causes its most difficult

problems. Engineering has the most heavily loaded curriculum of any baccalaureate

program on campuses today. Compared to a bachelor's degree in mathematics,

physics, and chemistry, engineering demands nearly an additional semester's work.

Table 1 contains semester-hour requirements for the baccalaureate in engineering

and science at a randomly selected sample of 52 public and private colleges and

universities:
9

TABLE 1

SEMESTER HOUR REQUIREMENTS FOR THE BACCALAUREATE IN ENGINEERING AND SCIENCE

CHEM. CIVIL ELEC. MECH. ENGR. SCIENCE

SCHOOL ENGR. ENGR. ENGR. ENGR. AVG. CHEM. MATH PHYSICS AVG.

mean mean mean mean mean mean mean rJean, mean

range range range range range range range range range

PUBLIC 144.4 143.4 142.7 142.6 143.1 131.2 129.6 129.6 130.2

131-157 127-156 131-152 131-152 130-153 106-151 115-151 118-151 113-151

PRIVATE 140.5 142.9 130.7 140.1 140.8 128.9 125.7 125.7 126.8

120-152 129-156 120-152 123-152 120-152 117-143 117-144 117-144 117-142

PUBLIC 142.9 143.1 137.2 141.5 142.0 130.0 127.8 127.8 128.6

and 120-157 127-156 120-152 123-152 120-152 106-151 115-151 117-151 113-151

PRIVATE

Most universities require a core of general education courses in communications,

social studies, and humanities. The engineering student completes most of these in

his first two years and at the same time fulfills a heavy program of mathematics and

basic sciences. Specialization in engineering sciences occupies most of the junior

and senior years. The total program is about one-fourth general education, one-

fourth mathematics and basic sciences, and one one-half engineering sciences.

Typically an engineering student carries 17 or 18 credit hours each semester. Many

educators feel this is an excessive load which prevents engineering students from

engaging in other worthwhile campus activities. It also precludes courses outside

their major fields which might provide perspective and develop the creative imagina-

tion needed by engineers.

Accreditation: The Engineers Council for Professional Development (ECPD) is

recognized by the National Commission on Accrediting as the sole agency responsible

for the accreditation of engineering education. ECPD follows ten basic policies in

carrying out this responsibility:

8Ibid., "Summary of the Report on Evaluation of Engineering Education,"

Appendix F, p. 111.

9ASEE, Interim Report, p. 24.
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1. The accrediting of curricula rather than institutions, for it is

well recognized that curricula of quite different standards may

sometimes he found at the same institutions.

2. Accreditation of an institution by its respective regional

accrediting agency or association is prerequisite to evaluation

and accreditation of an engineering curriculum.

3. The consideration for accrediting of only those cwricula leading

to first degrees in engineering at an institution -- generally

undergraduate curricula. Except for curricula in which the masterrs

degree is awarded as the first engineering degree accreditiattion

of graduate programs is not included at the present time pending

further stabilization of the objectives and operation of graduate

engineering education among the institutions and the profession.

The invitation to institutions to submit curricula without persuasion

or pressure brought to bear by the committee.

5. Accreditation may be granted only if students have been graduated

from a curriculum by the date of action by Council.

6. The avoidance of rigid standards as a basis for accrediting, in

order to prevent standardization and ossification of engineering

education and to encourage well-planned experimentation.

7. As a safeguard to the public and without setting any rigid standards

the nonaccrediting of curricula which omit a significant portion of

a subject in which the public may reasonably expect engineers of

that field to have competence.

8. The careful consideration of qualitative as well as quantitative

factors through a visit by a competent committee of engineers and

engineering educators.

9. The reView of the findings and recothmendations of the visiting

committee by the appropriate regional chairman or vice-chairman, by

the Engineering Education and Accreditation Committee, and finally

by ECPD.

10. The publication of a list of accredited curricula only, with no

information available to any person (other than proper officials of

an institution concerned) as to whether any curriculum or institu- 10

tion not on the accredited list had been under consideration by ECPD.

An engineering curriculum acceptable to ECPD usually requires two and one-half

years of mathematics, basic sciences, and engineering sciences. One-half year

of this should be in mathematics beyond trigonometry. Another half year should

be basic sciences. At least a year of engineering sciences not limited to the

major field is advised. There must be at least one-half year to one full year of

10
ECPD, "Accredited Curricula Leading to First Degrees in Engineering

in the United States," 35th Annual Report, p. 66.
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humanities and social science. A broad basic undergraduate program is favored

"which will prgpare a student to take advantage of as many different opportunities

as possible." 14

Goals Committee Report: The Preliminary Report of the ASEE Goals Committee,

published in 1965, was followed by what its sponsors describe as the most widespread

discussion of engineering education of all time.12 It contained 14 recommendations,

several highly controversial. The first professional degree was to he the master's

degree following an integrated program of at least five years. The four-year

bachelor's degree was to be offered, but only as an introductory degree. This

would be accompanied by a reduction in requirements and a broadening of curriculum.

The master's degree would be simply a Master of Engineering, with accreditation of

institutions rather than of curricula.
i3

The proposals for the five-year master's degree and disregard for traditional

fields of specialization were largely opposed by the engineering profession and many

educators. The American Institute of Chemical Ogineers suggested that "an entirely

new set of recommendations should be drawn up."14 The American Society of Civil

Engineers declared some of the proposals were "not in the best interest of the

engineering profession."15 The American Society of Mechanical Engineers spent six

months in an intensive study of the Goals Report. ASME asked for opinions from its

members, and the response was an almost unanimous disapproval. In a hard-hitting

report to its membership, ASME concluded that the matters the Goals Committee had

dealt with "are adequately resolved tlirough the existing system and demand no

revision by pedagogical legislation." °

The Goals Committee restated its recommendations in the Interim Report of

April, 1967, and in the Final Report published in January, 1968. Considerably more

care has gone into the writing of the later documents, but the recommendations are

essentially the same. Both the recommendations and the controversy surrounding

them reflect basic issues in engineering education today involving content, philoso-

phy, purpose, and methods as well as the length of time required.

Technology Education

Present Characteristics: Diverse opinions and disagreements also exist in

the education of technical support personnel. Many.presently employed received

1
'Ibid., pp. 67-68.

.12ECPD, 34th Annual Report., p. 24.

13ASEE, Preliminary Report, pp. 1-2.

14
ECPD, "Reports of Directors from the Participating Bodies," 34th

Annual Report, p. 22.

15",ASEE Position on Goals in Engineering Education," Civil Engineering,

XXXVI (June, 1966), p. 87.

16"Goals of Engineering Education: ASME's Critical Analysis," Mechanical

Engineering, DXXXVIII (August, 1966), p. 34.
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training in specialized programs in the armed services or private technical insti-
tutes. Two-year junior college programs roughly parallel engineering education in
dependence on mathematics and science and a tendency to overload the curriculum
with a concentration of technical courses plus liberal arts. This has led to develop-

ment of three- and four-year college programs. Some institutions are offering bac-
calaureate degre.is in technology which tend to be confused with engineering degrees.
Technical training programs are also provided at the high school level, but the ma-
jority in existence today require high school graduation or equivalency as a pre-
requisite to enrollment.

The major developing trend is two-year associate degree programs in junior
colleges. Typically these require 70 or more semester hours, with about 607 of the
work in teghnical courses, 25% in mathematics and basic science, and 157 in general
education." The American Society for Engineering Education recommeyy 50% techni-
cal courses, 257 mathematics and science, and 257 geniKal education. ' Specializa-
tion in particular fields of technology begins early. ' Non-degree certificates
are often given to students who want only technical courses without liberal arts.

The educational distinction between technology and engineering is a major
problem. Technology is usually described as that part of the engineering field
between the craftsman and the engineer and closer to the engineer than to the
craftsman. As noted earlier, according to ASEE, "a technician differs from a
craftsman in his knowledge of scientific and engineering theory and methods and from
an engineer in his more specialized background and in his use of technical skills

in support of engineering activities."20 The distinctions, however, are often

blurred in actual practice. In education they are not easy to maintain, because
technology curricula necessarily may contain mathematics, science, and general edu-
cation courses also taken by first and second-year engineering students. The line
drawn between engineering and technology curricula by engineering educators is based
primarily on a different sequence of mathematics, science, and technical material,
and emphasis in the technology area on application rather than principles. ASEE
describes it this way:

An engineering technology curriculum differs ignificantly from
a pre-engineering curriculum, which is equivalent to the first two

years of an engineering program. 'The one is the preparatory part
of a more inclusive program; the other a complete program in its
own right. The first two years of an engineering curriculum are
devoted primarily to mathematics, science and a general education.
They contain relatively few specialized technical courses. An

17U.S., Office of Education, Occupational Criteria and Preparatory
Curriculum Patterns in Technical Education Programs, Vocational Division
Bulletin No. 296, Area Vocational Education Program Series No. 4 (Washington:
U.S. Government Printing Office, 1965), p. 12.

18ASEE Characteristics of Excellence in Engineering Technology Education,

1962, p. 25.

19
Aaron J. Uiller, "Characteristics of the Technical Education Student,"

presented at the Americcn Technical Education Association, Denver, Colorado,
December 4, 1966.

20ASEE, Characteristics of Excellence . 12.



engineering technology curriculum, on the other hand, must initiate
specialized technical courses early in the program if it is to cover
its material within the short short span of two or three years.21

Distinction between technology and engineering becomes more difficult in

four-year technology programs. At the annual meeting of the Engineer's Council
for Professional Development in 1966, the matter was debated at length. The

baccalaureate technology program was defined as "appreciably less intensive
than its counterparts in engineering.n22 Opposition was based on the assumption
that since at least half the graduates with a bachelor's degree in engineering
would not be going on to graduate school, baccalaureate degrees in technology
were unnecessary. Baccalaureate engineers would be employed in the "practical
development of engineering, as they have done since the beginning of engineering

education." It was argued that four-year technology programs would be competing
with traditional engineering, thereby creating "confusion and infiltration when
graduates of technology programs assume positions in industry. 1123 A selected
.;ury decided that a sufficient difference between the two programs could be
identified, therefore both are needed.

Another problem is that engineering and technology are moving up the
academic ladder at the same time. Many educators who believe engineering should
be a five-year program see a trend from two- to three-year and even four-year
technology programs emerging simultaneously for the same reasons. They envision
a continued distinction based on the need for research, design, and development
in engineering and the necessity for practical application in technology.
Henry M. Armsby, President Emeritus of the Capitol Institute of Technology,
describes the difference in this way: "As the engineer becomes more deeply con-
cerned with engineering science, the engineering technician must be qualified to
absorb more of the engineer's functions. His education will be expanded to the
baccalaureate level and perhaps even beyond. But it will still place its major
emphasis on the solution of practical rather than theoretical problems; the
technician's degree will still be in technology rather than in engineering. n24

The variety and diversity in technical education is partly the result of
rapid growth. From a small group of schools some 20 years ago, there are now
several hundred with a nationwide enrollment of more than 60,000 students.25
A 1946 survey of technical institutes listed 18 different kinds of curricula.
By 1956 there were 694. Three years later the number had jumped to 1,227.26

21
Ibid., p. 22.

22ASEE, "Highlights of the Thirty-fourth Annual Meeting of ECPD,"
34th Annual Report, p. 31.

23
Ibid., p. 32.

24Henry H. Armsby, "The Technician and the Engineering Team," Engineering

Education, Vol. 57, No. 3, (November, 1966), p. 189.

25
Walter M. Hartung, "Definitions and the Engineering Technician,"

Engineering Education, Vol. 57, No. 3, (November, 1966), p. 185.

26
Characterisitics of Excellence, p. 3.
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One of the principal characteristics of technical education has been speciali-

zation. This contributes to proliferation of courses and curricula as new

schools are being established. A natural tendency in education is to add courses.

Too often, however, they are added with little regard for actual results.

Curriculum design has been described as largely curriculum construction -- a

process of stacking together traditional courses imposed by economic considerations,

staff competencies (and prejudices), real and fancied student abilities and

interest, instructional facility limitations, and scheduling convenience.27

Broader geographical distribution of industry began with World War II and

has continued with the westward sweep of population. Arizona is directly involved

in this aspect of the spread of industry and the new demands it imposes upon all

levels of educational effort,

Probably the rapid expansion, the constant pressure for more kinds of

technicians, and the efforts of a variety of institutions to supply the demand all

have contributed to a confused picture of technology education. Academic traditions

in colleges and universities, including junior colleges, can be credited with much

of the standardization that does exist. Two and four-year degree programs

particularly tend to follow patterns which industry can recognize and which can be

used as foundations for further development. Much remains to be done. The American

Society of Engineering Education devoted its entire November, 1966, issue to the

technical field and frankly admitted that there is less uniformity and more con-

fusion than at any previous time. The chairman of ASEE's Technical Institute Council

concluded: "It is no longer possible to divide education neatly into little boxes

labled, 'craftsman,' 'technician,' 'engineer,' and 'scientist.' Nor is it possible

to offer clearcut packages of educational programs in institutes, colleges, or

univerisities. Nor is it possible to establish firm requirements of two, four,

five or more years."28

Accreditation: Efforts are being made to establish basic standards in

technology education through the same accrediting procedures that govern engineering.

ECPD accredits both baccalaureate and associate degree programs, but only 45 schools

have taken necessary steps to have their curricula evaluated for ECPD accreditation.

These include technical institutes, junior colleges, senior colleges and univer-

sities. The American Associations of Junior Colleges has undertaken a study of the

needs of accreditation in cooperation with the National Commission on Accrediting,

the American Vocational Association, and the U. S. Office of Education. This study

has raised doubt in regard to any action by the National Commission to grant a

request from ECPD that it be the sole accrediting agency for technology education.

In general, the same ten basic policies are used by ECPD in accrediting

technology curricula as in engineering. An exception is athde for private tebhnical

institutes which cannot qualify for regional accrediation. In view of greater

diversification of technology curricula and types of institutions offering them,

each curricula is judged in terms of its own purpose, scope, duration, and content.

27Maurice W. Roney, "Curriculum Design in Technical Education," Oklahoma

State University, Stillwater, Oklahoma, 1965, p. 2.

28Hartung, 224 cit., pp. 185-86.



However, the curriculum must cover MO academic years beyond secondary school.

It must be "technology in nature, employing the application of physical sciences

and the techniques of mathematics to the solution of practical problems." Unlike

engineering, the technology curriculum should be in a specific field, "though

not excluding a reasonable amount of elective appropriate subject matter."29 At

least the equivalent of one-half academic year of basic sciences is required,

half in mathematics, which must be carefully selected for the particular curriculum,

and must be of college level above college algebra and trigonometry, including

basic concepts of calculus. At least one-fourth an academic year of non-technical

subjects must be included, and one academic year of technical courses.

National Studies: The ASEE Goals Committee incllded among its recommendations

that "a national study of engineering technician education be undertaken which

would involve representation from technical institutes, community colleges,

engineering colleges, as well as the professional organizations concerned with

technician, engineering and scientific personnel."3° Engineering educators have

been making studies of their own since 1959. A National Survey of Technical

Institute Education was published that year which technicians considered an

"educational bench mark."31 Two years later ASEE began another study under a

grant from the National Science Foundation to formulate a set of criteria for

engineering technology curricula. It was published in 1962 as Characteristics

of Excellence in En ineerin Technology Education. From another direction, the

American Association of Junior Colleges has received a research grant from the

Kellogg Foundation for a five-year project in semi-professional and technical

programs including those related to engineering. The American Technical

Education Association has a grant to conduct a pilot study of technical education

emphasizing the teaching of skills in engineering technology. These activities

reflect more than a normal effort to keep up with the changing requirements of

industry for support personnel. Technology education, like engineering education,

is in a state of flux.

One more pertinent observation should be made about the state of the art of

engineering and technology education today. The total product of available

personnel is larger than the number of formal graduates and it contains even

greater variations than indicatedby curricula. This is because of an excessive

number of partially trained dropouts. How many of these find work as technicians

and engineers -- no one knows. Three-fourths of all students in technology

programs do not graduate. Two-thirds of the freshman in engineering programs

leave the discipline before graduation. They either fail courses, drop out for

other reasons, or transfer to other programs.32 There can be little doubt that

29ECPD, "Accredited Curricula Leading to First Degrees in Engineering

Technology in the United States -- 1967," 35th Annual Report, pp. 81-84

30ASEE, Interim Report, p. 16.

31Editoria1 in the November issue of Technical Education News, cited in

Harl O. Werwath, "Changing Characteristics of the Technical Institute Curriculum

in the United States, 1941-1966," Engineering Education, Vol.57, No.3 (November,

1966), p. 197.

32Zeno M. Van'Erkewyk, "Variables Related to Persistence, Transfer and

Attrition of Engineering Students," Research Report No. 9, Center for Research in

Vocational and Technical Education, Grand Forks, N. D., University of North Dakota,

1967.
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many of these dropouts from technology and engineering education are being
employed by industry. The number of bachelor's degrees in engineering con-
ferred annually in the United States has remained almost stationary for the
past ten years.33 Industrial employment has increased by more than ten per
cent during that time.

The implications of a sizeable number of students going into industry
before completing their training are: (1) educational programs are overloaded
with unnecessary content; (2) industry is so short of engineering personnel
that employers are willing to make up technical deficiencies of partially
trained students through training programs of their awn; (3) the actual
amount of education needed in many jobs is less than that of a full degree
program. In any case, the first two or three years of engineering, and the first
year of techtology, are more important for these students than the courses that
come later in the curricula.

Skilled Industrial Education

Present Characteristics: In the general pattern of industrial employ-
ment there are broad overlapping areas between technology and the skilled
crafts. Employers sometimes find it difficult to identify their own job
descriptions with one cr the other of these classifications. For that reason
alone a study of technology must include the skilled crafts. They are included
here for another reason as well-- their training and education are as important
to industry as engineering and technology. Moreover, secondary and post-
secondary schools are faced with many of the same problems in expanding and
updating vocational education for skilled craftsmen as higher education is for
technicians and engineers.

Many large corporations operate apprenticeship programs to maintain a
supply of skilled personnel for their own needs. Virtually all employers
provide some kinds of on-the-job training through which untrained wo'rkers
may progress to skilled craftsmen. Since the 1930s the federal government and
most states have established joint management-labor apprenticeship committees
to develop apprenticeship programs. These programs usually involve three to
five years of on-the-job training supplemented by classroom courses in technical
and related information.

The major ftoblem with such apprenticesphip training is that not enough
youth can be persuaded to enroll. A fourth of those who do enroll drop out.
The American Management Association published an article in 1959 by Louis
Ruthenburg entitled, "The Crisis in Apprenticeship Training," in which the
cause for this was described as lack of incentives. "With the growth of the
industrial unions and the high wages they have obtained for their membership,
assemblers, machine operators, and the like, whose techniques can be learned

33
In 1965-66 there were 35,815 bachelor's degrees conferred, two-thirds

the number conferred in the peak year of 1949-50. Since 1956-67 the number has
fluctuated between 31,000 and 38,000. Neva A. Carlson, "Survey of Engineering
Degrees," American Education, Vol. 3, No. 8 (September, 1967), p. 33.
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in a few days, now earn almost as much as skilled workers."34 George Meany,

in an address celebrating the 25th Anniversary of'the National Ap2renticeship

Program in 1962, said it was due to "the lack of a full economy."5 He said

young people did not have enough confidence in the economy to "invest" several
years.in training for jobs that would not be there when they were ready for them.

The Labor Department estimates that one milliom new apprentices are needed
each year, and only one-fourth of that number are being enrolled. A high

percentage of skilled craftsmen in the United States today are reportedly nearing

the retirement age.

As long ago as the turn of the century industrial arts and vocational edunation
were being encouraged in public schools. In 1914 Congress created the Commission

on National Aid to Vocational Education. Under the Smith-Hughes Act of 1917,

federal funds were allocated to states for several kinds of vocational education
including trade and industry and teacher training but largely focused upon the

needs of the agricultural economy. Subsequent legislation in the 1930s and the
George-Barden Act of 1946 increased the amount of federal support and helped
establish programs of national similarity in public schools of every state.
Trade and industry programs include machine shop and construction trades as
well as a variety of other skilled occupational courses. Students usually spend
half days in general education classes and the other half days in shop or on
the job through cooperative arrangements with employers. This training does
not begin until the junior year of high school.

In spite of the growth of vocational education in public schools, it has
lagged far behind the need for trained graduates. In 1963 Congress greatly
expanded federal support and liberalized the previously rigid features of the

program. Since that time enrollments have accelerated, but nevertheless fall
behind both the requirements of industry and the needs of high school graduates
for employable skills. Additional federal programs have been enacted in recent
years to provide training for special needs and special groups. The Area
Redevelopment Act of 1961, the Oanpower Development and Training Act of 1962,
and the Economic .Opportunity Act of 1964 have attacked the same problems. They

also have contributed to a growing.state of confusion as to what is actually being

done and how well, and at this writing are being re-evaluated at the same time
that enlarged proposals for overcoming underemployment are being made. Meanwhile,

industry reports serious shortages of skilled manpower, and through expediency,

employers resort"to pirating qualified employees from each other, while the average

age of the men on the job increases each year.

National Studies: Several studies of considerable depth and scope are

being made of industrial education as well as engineering and technology. A
comprehensive review of federally sponsored vocational education, Education for

a Changing World of Work, was published by the U. S. Office of Education in

1963. It was the product of a panel of consultants appointed by the President

two years before and led to passage of major legislation.

34Louis Ruthenburg, "The Crisis in Apprentice Training," Personnel

(Jlly-August; 1959), p. 30.

35'Address by George vleany, President, AFL-CIO, at the Silver Anniversary

Banquet of the National Apprenticeship Program, August 21, 1962, U. S. Department
of Labor, Bureau of Apprenticeship and Training.



18

The most complete, and certainly the most scholarly, research carried out
in a single major area of vocational education is The Process and Product of
T & I High School Level Vocational Education in the United States, conducted
under a Ford Foundation grant by the American Institute for Research. The report
is to be published in several volumes, the first of which appeared in 1965, and
the second in 1967. Volume I is a follow-up study of T & I vocational education
graduates. It is based on a survey of about 10,000 male graduates randomly
selected from the graduating classes of 1953, 1958, and 1962 from one hundred
high schools offering three or more T & I courses. The high schools were a
sample representing the country as a whole stratified by region, school enroll-
ment, and type of school. Volume II is a comparison study of New York state
data with national data. If carried through to completion, this project could
furnish the basis for a major evaluation of vocational trade and industrial
education in the United States.

Most current efforts to re-examine the education of skilled industrial
craftsmen emerge from three sources: the U. S. Office of Education; the Ohio
State University Center for Vocational and Technical Education; and the Univer-
sity of Wisconsin Center for Studies in Vocational and Technical Education.
The Wisconsin Center has undertaken a series of studies of apprenticeship
training to identify problems that exist and the continuing role of this tradi-
tional form of skilled training. The picture that emerges from these studies
is one of increasing need for better methods than have yet been found to close
the gap between industry's requirements and our present ability to meet them.

Summary

Engineering and technical education are in a state of flux. Progress is
evident. Engineering is moving in the direction of a five-year basic degree
program, although there is considerable opposition to this in favor of maintaining
the four-year bachelor's degree as is. Most curricula have been strengthened in
their core of engineering sciences and in liberal arts courses during the past
decade, but they are overloaded with requirements. The typical engineering
curriculum contains more than 140 semester hours divided roughly into one-fourth
general education, one-fourth mathematics and basic sciences, and one-half en-
gineering sciences. The number of engineers graduating from colleges and
universities in the United States has remained about the same for more than a
decade, while the demand for engineering personnel increases annually. It can
be assumed that the difference is made up with partially-trained students who
drop out of engineering education or other personnel being trained by industry.

Engineering technology has emerged in the past two or three decades from
a long history of industrial education in schools and technical training programs
of World War II to a properly recognized educational area. It is usually a
two-year post-secondary program in which students prepare for specialized fields
of technology. Pressure on the curriculum is evident here as well as in engi-
neering, and there may be a trend to three-year and four-year technology programs.
Some confusion exists between the two-year technology and the first two years of
engineering and also between four-year technology and baccalaureate engineering
programs. Technology, however, is considered to be less intensive than engineering,
deals with the practical rather than theoretical problems, and is more special-
ized. Considerable variety exists in technology curricula and in the institu-
tions offering them. These include private technical institutes, junior colleges,
senior colleges and universities, and the armed forces. Only 45 institutions
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are accredited by the Engineers' Council for Professional Development, but

ECPD is not recoinized as the sole accrediting agency for engineering tech-

nology curricula.

The education and training of skilled craftsmen for industry is carried

on under a variety of programs from on-the-job training to vocational

education in schools. The federal governement and most of the states support

joint management-labor apprenticeship programs. A nation-wide federally

sponsored vocational education program in the high schools, which includes

trade and industry, has been in operation since World War I. Several

additional federal programs in recent years have provided funds for special

training and retraining of adults and youth with special needs. The total

effort obviously lags behind industry's requirements.

1'



CHAPTER III

EDUCATIONAL RESOURCES

Overview

Engineering education is offered in 19 fields at the baccalaureate,

masters, and doctoral levels in Arizona's three universities. Technology

education is offered in 14 fields at the associate and baccalaureate levels

in two universities and six junior colleges. Machinist training is offered

in five high school vocational education programs, approximately 30 high

school industrial arts programs, and 21 apprenticeship programs. Total

enrollments in the fall of 1967 were 5,372 in engineering, 2,685 in tech-
nology, 129 in vocational machine shop, approximately 2,000 in industrial
arts machine shop, and 52 in apprenticeship training. These figures are
given for each field in engineering and technology in Tables 2 and 3.
Arizona institutions graduated 915 engineers and technicians in 1967 from

a total enrollment of 6,779.

The attrition rate from dropouts and transfers appears to be high, due

to factors that affect engineering and technology edudiElon everywhere. In

many cases students have not actually decided on careers when they enter

programs. Some lose interest and others find courses too difficult. Arizona

students who have not dropped out feel the major reason that others have
is the difficulty of the programs. At least 1,000 of those who left without
graduating, however, can be classed as partially-trained dropcuts. The deans

at seven of the twelve colleges and junior colleges reported 1,032 students

in 1)66-67 who were capable of employment when they left without completion

of degree programs. They were sufficiently educated to accept jobs as
technicians or engineers-in-training. A better term for them might be

"slowdowns." It is apparent that many will continue their education in
company-sponsored training programs or in junior college and university eve-

ning courses. A few may return as full-time students. How many will

eventually receive degrees is impossible to say, perhaps only a small per-

centage.

Many of the engineering and technology programs in Arizona are relatively

new. Engineering at the University of Arizona goes back to the beginning of

the institution in 1891, but as late as 1955 there were on/y twelve degree
programs in the entire state, eight in engineering at the U of A, and four

in technology at ASU. By 1960 there were degree programs in 23 fields, and
by 1967 a total of 53 degree programs in 34 fields of engineering and tech-

nology were being offered. The enrollment increase from 1966-67 to the fall
term of 1967-68 was nearly 20%, one indication of the rate of growth which has

20
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TABLE 2

TECHNOLOGY EDUCATION IN ARIZONA

TOTAL.66-67 TOTAL 1967 TOTAL 67-68'

FIELD INSTITUTIONS1 DEGREES ENROLLMENTS GRADUATES ENROLLMENTS

Aerospace & ASU BS 262 15 355

Aeronautics
Automotive AWC EAC AA AAS 70 15 93

Civil NAU PC AWC BS AS AA 47 2 59

CC AAS

Communications ASU ES 10 0 15

Construction ASU BS 187 36 207

Data Processing PC AWC EAC AA AAS 451 35 572

Design ASU( BS 100 6 160

Drafting NAU PC GCC MC BS AS AA 294 112 540

AWC EAC CC AAS

Electronics ASU NAU PC MC BS AS AA 535 79 572

GCC AWC EAC AAS

Graphic Arts ASU BS 12 2 21

Industrial EAC AA 6 2 13

Industrial (Man-NAU
agement Option)

BS 7 1 8

Mechanical NAU BS 2 1 7

Tool and ASU BS 36 1 35

Manufacturing
Welding ASU AWC BS AAS 14 9 28

TOTAL 2,033 316 2,685

lAbbreviations for Arizona colleges

the report are:

and universities used throughout

ASU State UniVersity, TeMpe MC Mesa College, Mesa.Arizona
AWC Arizona Western College, Iturmi

CC- Cochise College, Douglas

.NAU Noithern Arizona University,
Flagstaff

EAC Eastern Arizona College, Thatcher PC Phoenix College, Phoenix

GCC Glendale CommvnitY College, Glendale UA Ufiiversity of Arizona, Tucson
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TABLE 3

ENGINEERING EDUCATION IN ARIZONA

TOTAL 66-67 TOTAL 1967
1 TOTAL 67-682

FIELD INSTITUTIONS DEGREES ENROLLMENTS GRADUATES ENROLLMENTS

Aerospace UA BS MS PhD 296 32 311

Agricultural UA BS MS 14 3 12

Chemical UA ASU NAU BS BSE MS 275 27 304

BS-Ind Ed
MSE PhD

Civil UA ASU BS BSE MS 576 96 599
BS-Ind Ed
MSE PhD

Electrical UA ASU NAU BS BSE MS 1463 171 1504

BS-Ind Ed
MSE PhD

Engineering UA BS 96 6 113

Math
Engineering ASU BSE MSE 72 8 85

Mechanics
Engineering UA BS 49 4 36

Physics
Engineering ASU BSE MSE 149 30 200

Science
General NAU BS 5 0 61

Engineering
Geological UA BS MS PhD 50 10 54

Industrial ASU NAU BSE MSE PhD 247 76 275

Materials UA MS 2 0 1

Mechanical UA ASU NAU BS BSE MS 773 99 785

BS-Ind Ed3
PhD MSE

Metallurgical UA BS MS 62 9 68

Mining UA BS MS 73 12 83
Nuclear UA BS MS PhD 55 6 82

Systems UA MS PhD 44 10 27

Unclassified UA 54 46
Engineering PC GCC MC 391 726

(2 yrs.) AWC4
TOTAL 4,746 599 5,372

lincludes 113 graduate degi.ees.

2Fall, 1967 only.

3The BS-Ind Ed is awarded to students who have completed 3 years of
engineering education at NAU and,a fourth year at another institution.. Under
this program students receive their baccalaureate degree in engineering from the
second institution the following year or when degree requirements are completed.

4
The enrollment figures in engineering at the junior colleges are incom-

plete. Data are unavailable from Cochise and Eastern, and for 1966-67 from
Phoenix College.
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been taking place for several years.

Universities

University of Arizona: Fourteen fields of engineering education are

offered in the state's oldest and largest university, nine in the College of

Engineering and five in the College of Mines. TWellie of these are baccalaureate,

twelve are masters, and eight are doctoral programs. Civil and mechanical

engineering go back to 1904, electrical to 1910, and mining to 1913. Chemical .

and geological were established in 1959, agricultural and metallurgical in

1935, nuclear, aerospace, engineering math, and engineering physics in the 1950s.

Systems engineering and materials engineering are graduate programs added in the

early 1960s.

There are approximately 1,300 undergraduate and 300 graduate students in

the College of Engineering, and 300 undergraduate and 50 graduate engineering

students in the College of Mines. Electrical and aerospace are the largest

fields, followed by civil and mechanical. These account for nearly four-fifths

of the enrollment in the College of Engineering. In the College of Mines,

chemical engineering is the largest field followed by mining, metallurgical, and

geological in that order. Baccalaureate degrees in engineering in 1967 were

granted to 153 students in the College of Engineering and 30 in the College of

Mines. The civil, electrical, and mechanical fields accounted for more than

four-fifths of the university's baccalaureate degrees in engineering and more

than half of its graduate degrees in engineering.

Students in any of the engineering curricula must have graduated from

accredited high schools in the upper three-fourths of their graduating classes

with four years of English, three and one-half years of math through trigo-

nometry, two years of science and two years of social studies. For the first

two years, they take a basic curriculum of math, science, English, social

studies, and engineering foundation courses. The third and fourth years are

largely specialization in engineering curricula. When they graduate they have

completed approximately 140 semester hours of college work which includes 6

hours of English, 18 hours of social studies and humanities, 13 hours of math

through differential equations, 6 hours of chemistry, 11 hours of physics, 3

hours of drafting, and approximately 75 hours in engineering and technical

subjects.

In numbers of students at both the baccalaureate and graduate levels, the

leading engineering field at the University of Arizona is Electrical Engineering.

From the basic two-year engineering curriculum students go to a third year

of electric circuit theory, electromagnetic field theory, electronics, solid

state devices, servcmechanisms and automatic control, computers, power systems,

communications, and microwaves. In the senior year further specialization takes

place, and this may be strengthened or additional specialization developed at

the masters and doctoral levels.

The next field in numbers of students is Aerospace Engineering, which the

university describes as "directly concerned with the design, research,

development, manufacturing, testing, field performance monitoring, and the

sales and service of air and space vehicles and systems such as airplanes,

helicopters, ground effect machines, rockets and ballistic missiles, satellites,
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spaceships, and their chemical, electric, solar,.and nuclear propulsion and

power systems." Undergraduate students take the two-year basic engineering
curriculum, a third year in common with mechanical engineering, and a fourth

year of aerospace specialization.

Mechanical Engineering, much older than aerospace and one of the.four
major fields in terms of size in the College of Engineering, is concerned

with mechanical devices and the systems which use them. Senior and graduate

students select areas of specialization following the two-year basic engi-
neering curriculum and a third year in common with aerospace engineering.

They use much of the same laboratory equipment and are prepared for careers in

many of the same areas as aerospace engineering, but also in areas not related

to aircraft and space vehicles.

The oldest and one of the two orginal engineering fields at the Uni-
versity of Arizona is Civil Engineering, exceeded in number of students
only by electrical and aerospace. It is concerned with transportation
systems, water resources, public health, and structures drawing on a know-

ledge of hydraulics, soil mechanics, surveying, structural analysis, sanitary
science, and materials science. Students study these subjects in a standard
curriculum in their third and fourth years, with further specialization in
graduate programs. Design is stressed in the engineering courses. A one-
semester project course in the senior year may be research or design oriented,
and it is intended to prepare the student for problems he will face throughout
his career.

Agricultural Engineering is the organized application of power and
materials to agricultural production and processing. Students add courses

in the biological and agricultural sciences to a basic engineering curriculum
not greatly different from mechanical, civil, or electrical engineering.

Engineering Physics combines two years of basic engineering plus electronic
and technical courses with a major in physics. Engineering mathematics does
the same with a concentration in mathematics or systems rather than physics.

They emphasize fundamental theory to a greator extent than application, and
graduates may expect to work more closely with scientists than technicians.
Third and fourth year phsics laboratories stress individual projects, and
graduate research includes elementary particle high energy physics, solid state
nuclear physics, atomic physics, molecular beams, biophysics, and theory.

Nuclear Engineering is concerned with the release, control, and utili-
zation of all types of energy from nuclear sources. It is one of the newest
baccalaureate programs in the College of Engineering and was first established
as a graduate program in 1957.

Systems Engineering is a graduate program built on a standard engineering
curriculum emphasizing applied mathematics and adding courses in such fields
as psychology, human factors, economics, and business administration. It is

one of the most recent additions to the university's engineering programs.

Chemical Engineering is the largest field in the College of Mines in

number of students. The major emphasis is on the process industries: those that
make fertilizers, plastics, cements, fibers, missile fuels, foods, dyes, rubber,

petroleum products, paper, glass, insecticides, drugs, beverages, tetals and
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special chemicals. Chemical engineers develop, design, and operate the plants

and processing equipment. Students are given a basic curriculum of English,

math, and chemistry the first year; more chemistry and math in the second and

third years, plus physics and engineering courses; and a concentration of

engineering courses the fourth year. Of special importance is an optional

work-study program in which students may spend alternate semesters working

for firms that employ chemical engineers.

Mining_Engineering has been a major field for more than half a century.

Students are given a two-year basic curriculum of mathematics, chemistry,

physics, drafting, surveying, and geology followed by two years of predominately

mining engineering plus courses in metallurgy, general engineering, and

advanced geology. Communications, social studies, and humanities are included

to the same extent as in other engineering fields. A cooperative work-study

program is offered through which students may elect an alternating sequence of

courses at the university and work in the mining industry on a semester basis.

This requires slightly over a year of additional time but provides the graduate

with two years of valuable on-the-job experience.

Metallurgical EnKineering has two major areas of concentration: extractive

metallurgy dealing largely with ores, and physical metallurgy concerned primarily

with the structure and properties of metals. Students take the basic two-year

curriculum followed by specialized engineering courses and both physical and

extractive metallurgy with particular emphasis on one or the other.

Geological Engineering is an interdisciplinary field applying the prin-

ciples and techniques of geology primarily to mining, chemical, and civil

engineering. Students take the basic two-year curriculum and specialized

engineering courses plus a concentration of geological and related sciences.

Materials Engineering is a graduate program in the College of Mines con-

cerned with the structure, properties, behavior, and uses of all engineering

materials. Students must have a baccalaureate degree in metallurgical, chemical,

mechanical, or civil engineering with a solid background in chemistry, physics,

mechanics, and metallurgy. The curriculum is designed around a core of six

courses in physical metallurgy, ceramics, and chemical engineering with added

specialization in physical chemistry and other selected areas.

Arizona State University: Baccalaureate degree programs are offered in

seven fields of engineering, in construction, and in seven technical areas.

Masters and doctoral programs are offered in the seven engineering fields. At

the masters level two degrees are available: the MSE (Master of Science in

Engineering) for graduates with a baccalaureate degree in the same field; and

the MS (Master of Science) for graduates with a baccalaureate degree in another

engineering field or in science or mathematics. With the rapid growth of the

state following World War II, especially in the Phoenix area, and the accom-

panying development of an electronics and space-related industry, the demand

for engineering education has experienced an almost continuous acceleration.

Technology was introduced at ASU twenty years ago, construction five years

later, and the full engineering program in 1956. Currently, there are nearly

3,500 students in these programs, more than half of the state's total engi-

neering and technical enrollment in universities and junior colleges.
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Engineering accounts for more than 2,500 students in chemical, civil,

electrical, industrial, mechanical engineering, mechanics, and engineering

science. Entering freShman are required to have had at least one year of

high school chemistry, one year of physics, three and one-half years of

mathematics including advanced algebra, geometry, trigonometry, and pre-

ferably calculus. A year of biology is strongly recommended. Deficiencies

must be made up through university courses taken in addition to the full

engineering curriculum, a requirement that lengthens some students' bacca-

laureate program to five years. Engineering students take 6 semester hours'of

communications, 8 hours each of social studies and humanities, 70 semester

hour core of engineering and science courses, and a field of specialization.

It is possible to complete these requirements with a minimum of 127 semester

hours, but the normal program is close to 140 hours.

A unique feature of the core program is the first-year course, "Intro-

duction to Engineering," in which each student is involved in a realistic

design project. He works as a member of an "engineering firm" developing

a new design based on ideas provided by students themselves. Weekly

lectures by engineers from industry supplement faculty.instruction in

engineering analysis and computation. The engineering and science core ,

common to all fields of engineering contain 15 semester hours of analytical

geometry and calculus, 5 hours of physics and 4 of chemistry, 2 hours each

of computer programming and engineering graphics, and the equivalent of one

full year of additional engineering courses. The core concept extends through

the baccalaureate, masters, and doctoral programs with heavy emphasis on

mathematics and science.

Chemical Engineering at ASU embraces the broad range of process indus-

tries such as petroleum products, plastics, metals, and chemicals, and also

extractive metallurgy, nuclear engineering, and biomedical engineering.

Students follow a program of core courses and general education in which they

are introduced to engineering during their first year and complete a detailed

project as seniors. Chemical specialization requires 42 semester hours. In

addition to the core courses, each student may select an additional area of

concentration. The options are: fundamentals, metallurgy and materials
science, nuclear engineering, systems and control, biomedical engineering,

business, and general chemical engineering.

CIA.1Engiatering, students,.in addition to general education and the

engineering core, take 37 to 39 semester hours of surveying, structures

mechanics, soil, environment, transportation, and design. The field itself

encompasses construction of buildings, bridges, highways, dams, canals,

irrigation, and multipurpose hydraulic systems, and also environmental

engineering including city planning, water and atmosphere resources, waste

treatment, and pollution. Students may direct their specialization into

one or more of these areas: structural, hydraulic, soil mechanics, trans-

portation, and envircnmental engineering.

Electrical Engineering attracts the greatest number of students at
Arizona State University, representing nearly half of the enrollment in

engineering programs. All take a 23 semester hour common core of electrical
engineering courses integrated with the general engineering core. They

must also complete 13 semester hours of technical electives for specializa-

tion in one of the following areas: computing, semiconductor devices,
communications, control systems, power systems, radar, medical electronics,
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electromechanics, instrumentation, and space electronics.

Industrial Engineering deals with integrated systems of personnel,

materials and equipment. At the baccalaureate level it is being replaced

after this year by engineering science. Graduate degree programs at the

masters and doctoral levels are available to all graduate engineers who

want to specialize in this field. They may specialize in the following

areas: organizational control, computer sciences, industrial statistics,
operations research, human factors, system analysis, production control, or

a general option.

Mechanical Engineering is a basic field for many areas of speciali-

zation including aeronautical and nuclear engineering. It deals with both

the theory and science of power generation, mechanical design, manufacturing,

environmental control, nuclear technology, engineering measurements and

instrumentation, automatic controls, energy conversion devices, engineering

materials, and the general area of aircraft propulsion systems, and manned

and unmanned space flight. Undergraduate students are given a mechanics

concentration of 27 semester hours integrated with the basic core, and 10

semester hours of electives in one of these areas: aeronautics and astro-

nautics, nuclear, design, engineering materials, measurement systems and

controls, energy conversion, or a less specialized option.

Engineering Mechanics differs from mechanical engineering in a greater

emphasis on properties of materials and less on design. After the basic

engineering core comes specialized concentration of 26 semester hours of

prescribed courses and 11 hours of technical electives. Specialization is

directed toward dynamics, aeromechanics, fluid mechanics, aerodynamics,

material science, solid mechanics, space mechanics, vibration and wave

propagation, or a general option.

Engineering Sciences is a broad baccalaureate and graduate program

merging principles and approaches from all fields of engineering and other

disciplines. It is considerably more flexible than fields of specialization,

and is intended for careers in which application_of science is combined with

physical and social technologies. Undergraduate students take the basic

core of engineering and science, and develop concentration in other areas of

university curricula with the advice of faculty advisors.

Technology programs leading to Bachelor of Science degrees are offered in

seven fields: aeronautical, communication, design, electronic, graphic arts,

tool and manufacturing, and welding. Nearly 750 students are enrolled in these

programs, chiefly in aeronautical design and electronic technology. They are

preparing for careers as senior technical support personnel, with emphasis on

design level activities, applied research, and supervisory and management

training. Their area differs from engineering in several important respects:
entering freshman are not required to have had heavy mathematics and science

programs in high school; the technology core contains only nine courses to-

talling 27 semester hours instead of twenty courses totalling 70 semester hours

in engineering; in the core program mathematics includes only college algebra

and trigonometry, although aeronautics, electronics, and design technology

require analytic geometry and calculus; two courses in general physics are

required instead of advanced physics; the remainder of the student's program

is tailored more specifically to his technical area than in engineering; and
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the complete program is more likely to fit into the 126 semester hours required

for graduation. Both engineeringr d technology have the same core of general

education courses.

In Aeronautical Technology three options are available: aeronautical, air

transportation (flight), and air transportation management (non-flight).

Students receive both theoretical and practical instruction in the areas of

structures, internal combustion engines and turbomachinery, fuels, lubricants,

combustion, design, management, general and commercial aviation, and systems

analysis.

Communication Technology offers preparation in four major areas: technical

library storage and retrieval, graphic arts, technical writing, and technical

editing and publishing.

Design Technology is intended to prepare technical support personnel in

the areas of aeronautical design, civil design, electro-mechanical design,

industrial design, and mechanical design.

Electronic Technology includes theoretical and practical preparation for

electronic-engineering technicians in the areas of computers, quality control,

radar, microwaves, instrumentation, commerical broadcasting and television,

and other activities associated with electronics.

Graphic Arts Technology covers a wide range of careers in the graphic

arts industry including administration and general management, production and

quality control, sales and sales management, estimating, and research.

Tool and Manufacturing Technology concerns itself with the technical

phases of production including manufacturing processes, tools and machines,

and production facilities. It is a professional level program in the area

of industrial machines and machine processes.

Welding Technology trains men specifically as supervisors or consultants

in welding and related fields. Emphasis is placed on design, graphics, metal-
lurgy, and manufacturing processes in metalworking industries.

In addition to the four-year baccalaureate programs in technology, the

Division of Industrial Design and Technology in which they are offered has

two-year non-degree programs and a baccalaureate program in Industrial Arts

and Technical Teacher Education. The two-year programs are arranged for the

special needs of each student by faculty advisors. The industrial arts and
technical teacher education program is designed to prepare students for the

requirements of teaching at all levels of education. Degree programs are

offered at the bachelors, masters, and doctoral levels.

The university's Bachelor of Science degree in Construction is located

in the College of Architecture rather than engineering, and strictly speaking,

is not an engineering degree. Established in 1952, it has been developed
through the assistance and recommendations of the American construction industry

to meet particular needs of contract construction. The curriculum is a

combination of architecture, business, construction, and engineering, with

a minimum of 126 semester hours of course work. There are 11 hours of
communications required instead of the 6 required in engineering. Technical
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courses include 9 hours of applied science, 15 hours of design, 9 hours of
drawing and surveying, and 6 hours of materials and equipment. In addition,
students may specialize in heavy construction, building construction, indus-
trial construction, mechanical construction, electrical construction, or
residential construction. A masters degree program in construction engi-
neering and management is expected to be added in 1969.

Northern Arizona University: Non-degree programs in engineering were
first established in 1931 in the Department of Industrial Education. More
recently the university has offered two-year Associate of Science degree
programs in civil, electronic, and drafting technology. In 1965 baccalaureate
degrees in technology were added and the number of fields increased to ,

include mechanical technology. That same year a special "Three-two" plan
was instituted in engineering education under which students tcke three
years of @Curse work toward a baccalaureate degree and transfer to an engi-
neering school for two more years. Upon completion of the fourth year they
are given a Bachelor of Science in industrial education by Northern Arizona
University, and after the fifth year, on completion of graduation requirements
a BS in engineering by the institution to which they transferred.

In 1967 the Board of Regents authorized the university to offer Bachelor
of Science degrees in engineering. Civil and Electrical Engineering programs
have been established. A baccalaureate degree in applied science established
in 1966 is also being developed into a general engineering degree. Two
hundred fourteen students are enrolled this year in all programs, representing
an increase of 28% in engineering and 45% in technology over the year before.. ,

The main thrust of engineering education at Northern Arizona University
is in the direction of a general engineering program at the baccalaureate level
to be followed by graduate specialization. The present civil and electrical
curricula concentrate on applications of engineering knowledge for students
planning professional employment after graduation. The four-year and two-year
technology programs are intended for students seeking careers in industry ,

on the technician level. In addition to these the university offers bacca-
laureate programs in Technology Management and Technology Marketing comprised
of courses in both engineering technology and business areas, and both bacca-
laureate and graduate programs in Industrial Education.

Students in General Engineering or applied science take 9 semester
hours of communications, including technical report writing; one semester
of drafting; 19 semester hours of social studies and humanities; 26 hours -

of mathematics through calculus and differential equations, which includes a
course in applied mathematics; one year each of chemistry and physics, plus .
a course in philospphy of science; a semester of data processing; 32 semester
hours of basic engineering courses; and 20 hours of specialization either in
technical courses or in a related discipline. The total program requires 134
semester hours. Students are advised that an additional year at the masters
level is necessary to acquire sufficient specialized technical knowledge to
work in the profession.

The four-year and two-year technology programs are designed for particular
areas of specialization. Four-year programs have generally the same communi:-
cations, social studies and humanities courses as engineering; they differ
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from engineering in offering less mathematics and science and more technical
courses. The math is technical and applied rather than theoretical, Two-

year programs cover the same areas but require fewer courses, particularly in
social studies and'humanities, but also in science, technology, and in some
cases, mathematics.

Industrial Education serves a number of purposes: to prepare industrial
arts teachers; to provide experienced craftsmen and technicians with educational

training to qualify as vocational-technical teachers in the schools; to broaden
the professional training of elementary teachers with occupational instruction;
to give students in other programs at the university first-hand experience in
the modern world of technology; and to provide trade extension and other
vocational education to men and women in the community to help them advance in
industrial occupations. Students preparing for careers in industrial arts or
vocational-technical education complete the university's requirements for a
baccalaureate degree in education with a major of 35 semester hours or a minor
of 20 hours in one of these fields. Those who have a background of industrial
experience and pursue a degree in trade and industry education may receive
credit for this up to 18 semester hours, and 6 hours additional credit for
student teaching if they have taught at least two years under contractual
arrangements in public schools.

Junior Colleges

All six junior colleges in the state offer associate degree transfer
programs in engineering and terminal programs in several fields of technology.
The engineering programs are basically alike and correspond as nearly as
possible to the first two years of engineering education in the universities.

Phoenix College: Associate degree programs are offered in four tech-
nical areas: civil, electrnnic, drafting, and data processing. The technical
curricula vary according to areas of specialization but contain one year of
English, one or.two years of social studies and humanities, at least one or two
semesters of drafting, a flexible mathematics requirement varying from one to
five semesters, one semester of general physics, and approximately 30 to 35
semester hours of technical courses. At least half of the technical courses
are electives or prescribed in such a way as to permit specialization in a
particular area of the technical field. Drafting technology has three major
options: mechanical, eiectro-mechanical, and architectural. Electronics
technology has two options: circuits technician, and communications technician..
All of the technical curricula require approximately 70 semester hours of course
work, and graduates receive certificates in technology as well as associate
of arts degree.

Glendale Community College: Two associate degree programs in technology
were established in 1966, electronics and drafang, with a current enrollment
of approximately 200 students. The curricula are basically similar to those
in the other Maricopa county junior colleges.

:iesa Community College: Approximately 120 students are enrolled in two
technical programs, electronics and drafting, both established in 1965. Auto-
motive technology is being added.
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Arizona Western College: Technical programs are offered in six fields

leading to :+ssociate of ;cience degrees. Drafting technology was
established in 1963; electronics, civil, and automotive in 1964; data pro-

cessing in 1965; and welding in 1967. More than two hundred students are

presently enrolled.

Cochise College: Two technology programs leading to Associate of Arts
degrees were established in 1965, and three more are being added in 1968.

More than 50 students are currently enrolled in civil technology and drafting

technology, The curricula are similar to those at the other two-year

colleges, with an interdisciplinary emphasis.

Eastern Arizona College: Four technical programs were established in
1965: industrial, mechanical, drafting, or automotive technology. Electronics

was added in 1966, data processing in 1967. Mining and geological technology

is planned for 1968. The present programs have approximately 150 students,

roughly double the number of a year before.

High Schools

About thirty high schools in the state concentrated in the metropolitan
area of Phoenix and Tucson have machine shop instruction in their industrial

arts programs. A few have electronic, and many provide mechanical drawing.
Students from these programs may go into vocational education in their senior
year in preparation for immediate industrial employment. Some become appren-

tices under the state's joint apprenticeship program with employers and labor

unions. Appror4mately 2,000 high school students in Arizona each year receive
machine shop instruction in the industrial arts programs.

Five high schools have machine shop programs in vocatIonal education
with an enrollment this year of 129 students. Phoenix Union is the largest
with 65 students followed by Winslow with 38, Window Rock with 10, and
Amphitheatre and Tucson High School in Tucson with 9 and 7 respectively.
Many of these students are enrolled in a cooperative work-study program in
which they attend school half-days and work the other half as paid employees

in industry. Records indicate that over 90% of the students who take the
cooperative program stay in their jobs following graduation.

Student Survey

For that inevitable "tomorrow" of industry's needs -- a tomorrow that

may be a year, a decade, or a generation in time -- it must look for engi-

neers and technicians to students now in school. From the large eatering
classes to depleted ranks of graduates the students' interests, experiences,
educational background, and career goals will have a bearing upon industry's

progress as well as the individuals' private lives for years to come. Above

all, the processes of their selection, both intentional and unintentional,
will help determine the quality of industry's most important resource.
Not a great deal is actually known about engineering and technology students,
little more than knowledge accumulated by individual teachers about their awn

particular segments of the student population. It was decided, therefore,
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to include in this study of engineering and technology a survey of all
engineering and technology students in the state.

Student registration lists were obtained from the three universities

an( six junior colleges. All baccalaureate and graduate engineeringrktudents,
baccalaureate and associate degree technology students, and the engineering
transfer students at Phoenix College and Glendale College were included.
The names of engineering students at other junior colleges were unobtainable.

Altogether 6,192 questionnaires were sent in prepaid return envelopes, of
which 2,092 or 34% were returned. Tables on following pages contain per-
centages of responses to questions about the students' current status,

college programs, high school preparation, work experience, career choice,
career goals, and opinion on the reasons for dropouts.

The students- whc answered questionnaires were arranged in thirty
different ways to analyze responses. Each table contains the percentages
of responses to all questions for each of the groups, and they may be
studied for the differences that appear. Similarities between groups are

far mere Apparent than differences, however.

While about twice as many engineering students as technology students
were included in the survey, seven times as many returned questionnaires.
The low responses from technology students may indicate a biased sample
representing those with higher academic qualifications and ambitions more
closely related to engineering. On the basis of return, the two groups show
a number of differences, none very great. Engineering students are older,

but this is because many of them are third-year, fourth.year, and graduate

students. They receive about the same grades, although engineering students
ranked higher in high school graduating classes and took more math and science

courses. Engineering students' r milyVackgrcunds are sligbly higher on the

economic,and occupatiotal

Differences in students in various schools are generally insignificant,
except those at Arizona State University. Students there are older, more are
married, and more are employed, which reflects a large number of adults from

area industries continuing their education. It reflects the strong commuter
nature of the university due to location in the major population center of the

state.

The lack of graduate students among the University of Arizona figures
indicate they did not receive questionnaires. Responses from undergraduate
engineering students in all institutions were proportionately higher from
juniors and seniors than from freshman and sophomores, resulting in a sample
somewhat older and with more definite career goals than might normally be

expected.

The number of students who plan to continue education toward a higher
degree appears significant -- more than half in engineering and two-thirds

in technology. In the case of technicians this would suggest that many of
them intend to become engineers. In engineering it follows the current

national trend toward graduate degrees. It may also indicate a recognition
by both engineering and technology students that continuing education is
necessary in the light of rapid technological change.
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TABLE 4
ENGINEERING AND TECHNOLOGY STUDENTS

PERSONAL CHARACTERISTICS
(RESPONSES IN PERCENTAGES)

NuMEIER
AGEABCDEF SEX

M F
MARITAL
A 11 C

DRAFT STATUSADCDE
ALL STUDENTS 2092 1 43 24 25 6 1 97 3 68 30 1 40 13 5 17 3 16

ENGR STUDENTS 1756 2 41 25 26 6 1 97 2 67 31 1 42 12 6 16 3 16

TECH STUDENTS 232 2 53 18 17 8 I 92 7 73 25 0 33 17 1 22 6 13

ENGR 1ST YR 492 5 67 13 12 2 1 96 4 84 14 1 49 13 2 16 3 10

ENGR 2ND YR 329 0 67 14 15 3 0 98 2 82 17 0 59 8 5 12 2 12

ENGR 3RD YR 263 0 40 30 25 4 0 98 2 67 31 1 45 10 5 19 3 15

eNGR 4TH YR 351 1 58 32 5 1 97 2 59 38 2 34 11 7 21 5 19

GRADUATE 275 3 13 60 21 4 97 2 26 72 1 12 19 IS 12 3 33

TECH !ST YR 119 3 66 13 10 8 1 91 8 74 24 I 35 17 3. 20 13

TECH 2ND YR 62 0 56 13 19 8 2 90 8 73 26 0 34 13 3 26 8 10

TECH 3RD YR 13 0 31 46 23 0 0 100 0 69 23 0 54 23 0 15 0

TECH 4TH YR 17 0 0 53 29 12 6 100 0 65 35 0 18 24 0 29 6 24

U OF A ENGR 533 52 29 14 2 0 98 2 83 17 0 54 12 2 14 5 10

ASU EWA 975 2 30 25 34 8 I 98 2 57 41 I 36 12 9 17 2 20

ASU TECH 54 2 39 31 22 4 2 98 2 67 31 0 52 35 0 17 4 13

NAU ENGR 59 2 60 22 13 4 0 96 2 85 13 0 55 5 0 13 5 20

NAU TECH 9 0 33 67 0 0 0 100 0 100 0 0 67 0 0 11 22 0

PC ENGR 70 56 10 29 4 0 96 4 74 24 0 36 16 1 16 6 20

PC TECH 72 1 47 19 18 10 3 83 14 75 21 1 13 36 1 28 7 11

GCC ENGR 75 53 15 19 5 1 92 8 64 31 1 29 15 9 17 5 13

GCC TECH 30 0 63 10 17 /0 0 97 3 60 37 0 33 3 0 30 3 23

mC TECH 13 0 46 0 38 15 0 100 0 38 62 0 23 38 15 15

AwC TECH 27 0 81 0 19 0 0 85 15 85 11 0 37 0 15 4 11

CC TECH 18 6 83 0 0 11 0 100 0 89 11 0 39 28 0 11

EAC TECH 14 0 86 7 0 7 0 86 14 93 7 0 43 14 14 0 14

HS IND ARTS 709 2 50 25 18 5 A 99 1 72 25 1 46 10 3 19 3 13

HS VOC ED 218 1 49 16 22 11 1 95 3 64 32 I 32 19 19 5 11

MS TECH 245 1 51 17 23 6 0 96 4 72 24 I 40 13 3 18 3 16

EmPL EXP 1235 1 27 27 34 9 2 98 2 57 40 I 33 14 5 18 5 21

MIL ExP 480 0 10 19 51 16 4 99 1 39 58- 2 8 30 18 9 6 25

AGE
1111111111.110

A UNDER lb
B la-20
C 21-23
D 24-10
E 31-40
F OvER 40

Ntk,

MARITAL STATUS
milidowiWOID.IMMOIMIMMIO40

A SINGLE
8 MARRIED
C SEPARATED

DRAFT STATUS (DEC., 1967)
01111111WIMINIIINIMMINIONIMINIIINIP

A STUDENT DEFERMENT
8 VETERAN
C ACTIVE DUT*
O IA (ELIGIBLE)
E PHYSICAL DEFERMENT
F OTHER CLASSIFICATIONS
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TABLE 5
ENGINEERING AND TECHNOLOGY STUDENTS

ACADEMIC PROGRAM
(RESPONSES IN PERCENTAGES)

INSTITUTION
NUMBEFABCDEFG

ALL STUDENTS 2092 26 51 3 7 5 2 3

ENGR STUDENTS 1756 30 56 3 4 4 1 1

TECH STUDENTS 232 0 27 5 29 11 5 9

ENGR 1ST YR
ENGR 2ND YR
ENGR 3RD YR
ENGR 4TH YR
GRADUATE

TECH 1ST YR
TECH 2ND YR
TECH 3RD YR
TECH 4:IH YR

492 35 38
329 35 44
263 30 63
351.41 57
275 2 96

119
62
/3
17

9
6 7 6
2 3 1

1 0 0
1 0 0

O 17 3 2616
2 23 5 44 3

O 77 15 8 0
O 88 12 0 0

U OF A ENGR 533100 0 0

ASU ENGR 975 0100 0

ASU TECH 54 0100 0

NAU ENGR 55 0 0100

NAU TECH 9 0 0100

PC ENGR
PC TECH
GCC ENGR
GCC TECH

MC TECH
AwC TECH
CC TECH
EAC TECH

HS IND ARTS
HS VOC ED
HS TECH

70
72
75
30

13
27
18
14

709
218
245

1 1
1 .1

O 0
O 0
O 0

6 13
8 5
O 0
0 0

O I

1 1

1 0
7 6

1 1

O 0
O 0
O 0
O 0

DEGREEABCDEF
8 71 4 3 10 2

O 84 0 0 12 3

68 0 32 0 0 0

0100
0100
0100
0100
O 0

O 0 0 0
O 0 0 0
0 0 0 0
O 0 0 0
0 0 78 17

9 7 81 0 19
3 8 69 0 31
O 0 0 0100
O 0 0 0100

O 0 0 0 0 0 0 99 0

O 0 0 0 0 0 0 73 0

0 0 0 0 0 0 .0 0100
O 0 0 0 0 0 0 96 0

O 0 0 0 0 0 0 0100

O 0100 0
0 0100 0
O 0 0100
O 0 0100

0
O 0 0
0 0 0
O 0 0

26 45 4 10
23 36 4 12
25 39 4 13

0100
66 0
0100

80 0

0100 0 0 0 65 0
0 0100 0 0 74 0

0 0 0100 0 69 0

0 0 0 0100 86 0

3 26 2 3 9 73
6 47 3 3 12 63
5 27 2 2-14 68

EMPL EXP 1235 24 57 3 7 4 2

MIL EXP 480 20 59 1 8 6 2

INSTITUTION
0...a soy

A UNIVERSITY OF ARIZONA
B ARIZONA STATE UNIVERSITY
C NoRTHERN ARIZONA UNIVERSITY
D PHOENIX COLLEGE
a-GLENDALE COMMUNITY COLLEGE
F mESA COmMUNITY COLLEGE
G ARIZONA WESTERN COLLEGE
H COCH1SE COLLEGE
I EASTERN ARIZONA COLLEGE

a
4
6
7

4
6
5

YEAR IN SCHOOLABCDE
1 41 22 14 19 13
1 39 21 15 21 16
O 51 27 9 9 0

O 100 0 0 0 0
0 0100 0 0 0
O 0 0100 0 0
O 0 0 0100 0
4 69 16 3 5100

O 0 0 0 100 0 0 0
O Oi 0 0 0100 0 0

O 0 0 0 0100 0
O 0 '0 0 0 0100

1 0 0 33 22 15 27
O 21 5 1 38 19 18 22
O 0 0 0 26 24 19 28
O 2 2 0 44 38 9 7
O 0 0 0 22 22 22 22

5
7
4

6
6
6

1
2
2

2 1 1 6 66 4 3 15 4

1 0 1 7 65 3 3 16 3

DEGREE
1111110111014MMIO

A AS. AA IN TECHNICAL AREA
BS IN ENGINEERING

C BS IN TECHNOLOGY
D BS. BA - NON ENGINEERING
E MASTERS DEGREE
F DOCTORATE
G NOWNCLASSIFIED GRADUATE

53
49
61
80

62
70
67
57

43
48
48

33
3C
27
7

38
19
11
43

22
25
21

13'

7
3
3

3

O 0
4 0
6 6
0 t

14
9

11

17
12
14

1
27
0
4
0

9
a

1 37 20 16 23 19
1 39 20 15 22 21

YEAR IN SCHOOL
40!parmillmmesammommorNi,

A FIRST YEAR
SECOND YEAR

C THIRD YEAR
D FOURTH YEAR
E GRADUATE
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TABLE 5 (CONTINUED)

ENGINEERING AND TECHNOLOGY STUDENTS
ACADEMIC PROGRAM

(RESPONSES IN PERCENTAGES)

NUMBER ABCDEFGHIJMAJOR

ALL STUDENTS 2092 9 0 2 2 9 4 3 3 1 27

ENGR STUDENTS 1756 8 0 1 3 10 5 1 1 0 29

TECH STUDENTS 232 13 0 2 1 5 0 15 10 3 15

ENGR 1ST YR 492 11 0 1 3 7 4 1 2 1 28
ENGR 2ND YR 329 10 1 2 4 11 5 1 1 0 29

ENGR 3RD YR 263 6 2 0 3 13 9 2 1 0 26
ENGR 4TH YR 351 9 1 1 1137 1 1 0 28

GRADUATE 275 1 0 0 3 8 0 1 0 0 36

TECH 1ST YR 119 11 0 3 2 4 0 14 12 3 16
TECH 2ND YR 62 13 0 3 0 5 0 21 5 2 15
TECH 3RD YR 13 38 0 0 0 8 0 0 15 8, 8
TECH 4TH YR 17 29 0 0 0 12 0 0 0 0 24

U OF A ENGR 533 18 0 1 0 13 1 1 0 0 29
ASU ENGR 975 3 1 1 4 9 8 1 1 0 31
ASU TECH 54 48 0 0 0 0 0 0 9 2 15
NAU ENGR 55 5 0 0 5 15 0 0 5 0 36

NAU TECH 9 0 0 0 0 33 0 0 11 0 0

PC ENGR 70 6 0 0 0 6 0 3 4 0 20

PC TECH 72 3 0 0 0 6 0 36 10 0 18
GCC ENGR 75 5 0 0 3 1 0 0 3 3 20
GCC TECH 30 3 0 0 3 0 0 0 7 3 40

MC TECH 13 0 0 0 0 0 0 0 15 8 23
AWC TECH 27 4 0 7 4 4 0 11 4 4 0

CC TECH 18 11 0 ,0 0 17 0 0 11 11 0

EAC TECH 14 0 0 36 0 0 0 29 234, 7 0

HS IND ARTS 709 8 0 3 2 9 5 3 4 1 23
HS VOC ED 218 7 1 2 0 7 2 6 6 1 26
HS TECH 245 8 0 2 1 7 5 2- 6 0 29

EMPL EXP 1235 7 0 2 2 9 5 2 2 1 30
MIL EXP 480 5 0 1 1 9 4 2 1 1 32

MAJOR
EMIZMINOWNO

A AEROSPACE
B AGRICULTURAL
C AUTOMOTIVE
0 CHEMICAL
E CIVIL
F CONSTRUCTION
G DATA PROCESSING TECHNOLOGY
hi DRAFTING TECHNOLOGY
I EDUCATION
J ELECTRICITY
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TABLE 5 (CONTINUED)

ENGINEERING AND TECHNOLOGY STUDENTS
ACADEMIC PROGRAM

(RESPONSES IN PERCENTAGES)

KLMNOPoRSTUVMAJOR PREVIOUSASCD
5 2 4 5 1 12 0 0 1 1 1 1 17 3 3 .1

4 2 4 6 1 14 0 0 1 1 1 o 17 3 3 1

16 2 5 1 0 3 0 0 0 1 1 1 21 5 3 1

7 2 6 3 1 10 0 0 2 2 1 0 12 1 2 1

2 2 4 2 2 15 0 0 3 1 0 0 12 4 3 2

3 2 3 6 1 17 0 0 0 2 2 0 21 7 4 0

3 3 1 4 1 18 0 0 1 1 2 1 25 2 3 1

1 3 2 18 1 12 0 0 0 1 2 0 19 2 4 0

15 1 8 1 0 1 0 0 0 1 2 1 12 4 3 0

18 3 3 0 0 6 0 2 0 0 0 2 24 2 5 3

23 0 0 0 0 0 0 0 0 0 0 0 62 0 0 0

18 6 6 6 0 0 0 . 0 0 0 0 0 53 le 0 0

1 2 2 1 3 14 0 0 4 3 0 0 12 2 2 0

3 2 2 9 0 15 0 0 0 0 2 0 21 4 4 1

19 2 2 2 6 0 0 0 0 . 0 2 0 44 6 4 4

13 0 5 0 0 7 0 0 0 0 7 0 16 2 4 0
.44 0 0 0 0 11 0 0 0 0 0 0 2200 0

16 0 19 3 0 10 0 0 1 3 0 0 10 0 7 0

10 1 7 0 0 4 0 1 0 0 0 0 13 7 0 0

12 8 20 1 3 7 0 0 0 1 1 0 12 3 4 3

17 0 10 3 0 3 0 Q 0 0 3 0 10 0 3 0

38 0 0 0 0 0 0 0 0 0 0 0 15 0 8
10 4 7 0 0 0 0 0 0 0 0 7 11 7 0
6 0 6 0 0 6 0 0 0 11 0 0 22 6 22

0 7 0 0 0 0 0 0 0 0 0 0 7 7 0

7 3 4 4 1 13 0 0 1 1 2 1 17 3 2

8 1 7 4 1 10 0 0 2 0 2 0 21. 4 2 1

9 2 6 4 0 9 0 0 3 2 1 1 2033 2

5
6

3
4

4
3

6
7

1

1

14
13

0
0

0
0

1

1

1

1
1

1

0
1

21 3
19 3

3
4

1

K ELECTA0NICs
I. ENGINEERING TECHNOLOGY m GENERAL
m GENERAL ENGINEERING
N INDUSTRIAL
O MATHEMATICS
P MECHANICAL
O METALLURGICAL
R MINING
$ NuCLEAR
T PHYSICS
u SCIENCE

WELDING TECHNOLOGY

PREVIOUS MAJOR
01111141.111001POISIMMINIMMINNIIIMIF

A ANOTHER mAJOR
IN ENGINEERING
OR TECHNOLOGY

8 SCIENCE
C mATHEMATICS
0 LIBERAL ARTS
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TABLE 6
ENGINEERING AND TECHNOLOGY STUDENTS

EDUCATIONAL CHOICE
(RESPONSES IN PERCENTAGES)

NUMBER ABCDEFGSCHOOL SELECTION WHY STUDENTS DISCONTINUEABCDEFG
ALL STUDENTS 2092 39 28 17 3 4 X 3 3 5 9 4 54 3 3

ENGR STUDENTS 1756 40 28 16 3 4 1 2 3 4 9 4 57 3 3

TECH STUDENTS 232 34 26 22 2 1 1 8 2 8 11 9 35 3 4

ENGR 1ST YR 492 34 29 20 3 0 1 4 2 2 9 4 62 3 1

ENGR 2ND YR 329 40 29 18 2 3 1 1 1 4 7 4 63 2 3

ENG:: 3RD YR 263 41 31 14 5 5 1 0' 3 4 8 3 61 2 2

EP1GR 4TH YR 351 37 30 15 3 7 1 0 4 7 9 4 53 3 4

GRADUATE 275 52 19 12 2100 0 4 4 9 4 45 4 3

-TECH 1ST YR 119 33 24 25 1 1 0 9 2 9 8 11 37 3 3

TECH 2ND YR 62 19 37 26 2 2 2 10 3 6 16 6 39 2 5

TECH 3RD YR 13 54 15 15 0 0 15 0 8 15 15 8 15 8 15

TECH 4TH YR 17 65 12 6 12 0 0 6 0 0 12 6 41 6 6

U OF A ENGR 533 32 36 19 4 1 1 0 3 5 8 3 62 3 2

ASA: ENCR 975 45 28 12 3 7 1 0 3 3 8 3 56 2 3

ASU TECH 54 56 20 11 6 0 2 0 4 4 15 7 28 6 15

NAU ENGR 55 42 18 7 0 0 2 16 0 9 11 2 56 7 0

NAU TECH 11 22 0 0 0 11 33 0 22 22 0 44 0 0

PC ENGR 70 31 16 39 1 1 1 6 3 9 10 10 47 0 1

PC TECH 72 15 29 33 1 0 0 8 0 14 4 10 33 4 0

GCC ENGR 75 45 5 37 0 1 0 4 3 1 19 4 47 3 3

GCC TECH 30 50 23 20 0 3 0 3 0 7 3 7 47 3 7

MC TECH 13 69 8 23 0 0 0 0 8 0 15 15 31 0 0

AWC TECH 27 30 30 19 0 0 0 19 4 4 7 15 44 0 0

CC TECH 18 17 28 33 0 6 0 11 0 0 33 6 28 6 0

EAC TECH 14 29 50 7 0 0 0 14 7 7 21 7 29 0 0

W$ IND ARTS 709 35 30 17 3 2 1 4 4 4 9 5 54 2 3

HS VOC ED 218 40 25 20 0 5 0 6 2 5 11 6 49 5 2

HS TECH 245 33 33 19 2 2 0 3 2 5 9 4 53 2 2

EMPL EAP 1235 43 28 15 2 4 1 2 3 5 9 5 50 3 3

'MIL EXP 480 44 22 10 4 13 1 1 2. 4 9 5 48 4 4

SCHOOL SELECTION
mwmilooinwomlimmio!iVANARIIMSIM

A CONVENIENT LOCATION
3 PROGRAM OR COURSE OFFERINGS
C FINANCIAL CONSIDERATIONS
D CLIMATE
E MILITARY ASSIGNMENT
F ADMISSION OR TRANSFER CONSIDERATIONS
G PREFER JUNIOR COLLEGE OR SMALL SCHOOL

WHY STUDENTS DISCONTINUE PROGRAM
aparmsomma1101111111111111110110MION
A LACK PROPER EDUCATIONAL BACKGROUND
El LACK ABILITY
C LACK INTEREST
O LACK TIME OR FINANCES
E DIFFICULTY OF PROGRAM
F CHANGING INTERESTS
G DISLIKE PROFESSORS
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TABLE 7
ENGINEERING AND TECHNOLOGY STUDENTS

HIGH SCHOOL PREPARATION AND EMPLOYMENT EXPERIENCE

(RESPONSES IN PERCENTAGES)

GRADE AVERAGEHIGHER DEGREE HS CLASS RANK HIGH SCHOOL MAJOR
NUMOERABCD AB.0 ABCDE ABCDEFG

ALL STUDENTS 2092 10 45 35 3 58 27 11 31 31 25 8 2 20 25 I 18 10 2 3

ENGR STUDENTS 1756 11 45 34 3 58 27 11 35 31 23 7 2 19 26 1 19 10 1 2

TECH STUDENTS 232 10 50 34 2 64 23 10 14 30 34 13 4 26 17 2 16 9 3 6

ENGR 1ST YR 492 9 38 35 3 66 19 11 28 34 22 10 2 15 22 1259 2 4

ENGR 2ND YR 329 13 47 34 3 64 20 12 33 33 22 7 2 17 16 1 19 15 1 3

ENGR 3RD YR 263 9 40 45 4 57 24 13 35 29 25 7 2 20 28 0 20 13 1 I

ENGR 47m YR 351 12 46 40 2 62 26 11 35 29 28 6 1 19 40 1 15 7 1 1

GRADUATE 275 12 59 ;6 1 28 57 9 48 28 15 2 3 29 27 0 14 10 1 1

TECH 1ST YR 119 9 50 34 3 64 24 12 14 30 35 12 3 27 15 3 18 8 3 8

TECH 2NO YR 62 16 53 27 0 66 16 15 19 31 29 13 3 26 13 2 18 8 5 3

TECH 3RD YR 13 0 46 46 8 38 54 0 8 38 46 0 8 8 38 0 15 23 0 8

TECH 4TH YR 17 0 35 65 0 71 29 0 6 35 29 18 6 35 47 0 0 6 0 0

U OF A ENGR 533 21 48 21 1 63 20 14 42 27,21 7 1 13 26 0 24 10 2 2

ASU ENGR 975 4 41 43 4 51 34 10 36 33 22 5 2 22 29 0 17 11 I 2

ASU TECH 54 4 39 50 6 54 35 9 9 41 30 15 4 30 24 0 19 11 2 6

NAU ENGR 55 9 60 22 2 78 16 4 22 22 36 9 2 24 9 2 18 2 0 7

NAU TECH 9 0 78 22 0 56 33 11 0 44 56 0 0 0 67 0 0 ir o o

PC ENOR 70 4 67 24 0 66 16 10 13 30 21 17 4 10 17 4 17 7 / 6

PC TECH 72 15 51 31 0 71 17 10 14 22 42 7 4 24 17 I 19 7 I I

GCC ENGR 75 20 52 25 1 73 13 9 15 35 28 15 3 28 9 1279 0 4

GCC TECH 30 3 60 30 0 63 23 13 13 17 40 17 7 33 10 0 23 17 0 7

MC TECH 13 23 46 31 77 15 8 15 23 31 15 0 46 8 0 15 8 0 23

AWC TECH 2? 7 44 41 63 22 15 11 41 37 0 4 26 11 7 4 0 7 19

CC TECH 18 17 56 28 61 28 6 17 11 44 28 0 11 11 11 11 11 11 11

EAC TECH 14 14 36 43 93 7 0 21 21 29 21 0 29 21 7 7 7 14 0

HS IND ARTS 709 9 45 38 3 59 26 11 27 32 27 9 21 22 0 IS 10 2 6

HS VOC ED 218 7 46 35 3 60 25 12 26 27 31 11 2 19 18 3 12 11 9 4

HS TECH 245 10 47 31 4 65 21 11 27 31 30 9 18 20 0 18 12 4 9

EMPL EXP 1235 11 47 34 3 56 29 II 31 30 25 8 2 21 28 0 17 10 2 3

MIL EXP 480 9 51 33 2 58 29 9 24 28 29 9 3 32 26 1 14 7 2 2

GRADE AVERAGE
11110111M111111111111.101410

NUMERICAL GRADES HAVE BEEN CONVERTED TO LETTER GRADES ABCmD

HIGHER DEGREE HS CLASS RANK HIGH SCHOOL MAJOR
INNIMINIMIIIMMOINNIDOINNMO =0111MMINIPMEIMINIM

A PLAN TO CONTINUE TOWARD A UPPER 1/10 A GENERAL EDUCATION
HIGHER DEGREE AFTER. B UPPER 1/4 COLLEGE PREPARATORY
PRESENT PROGRAM. C SECOND 1/4 C BUSINESS

B DO NOT PLAN TO CONTINUE D THIRD 1/4 D MATHEMATICS
TOWARD HIGHER DEGREE. E LOWER 1/4 E SCIENCE

C UNDECIDED F VOCATIONAL EDUCATION
6 OTHER MAJORS
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TABLE 7 (CONTINUED)
ENGINEERING AND TECHNOLOGY STUDENTS

HIGH SCHOOL PREPARATION AND EMPLOYMENT EXPERIENCE
(RESPONSES /N PERCENTAGES)

NUMBER
PROGRAM IN HS

A B C A

1
HIGH SCHOOL COURSESBCDEFGHI H3 MATHASCO

ALL STUDENTS 2092 34 11 12 3 6 1 13 11 9 10 1 14 4 12 18 65

ENGR STuDENTS 1756 33 9 11 2 6 1 11 10 8 9 1 13 3 10 16 70

TECH STUDENTS 232 40 18 20 2 8 3 23 19 10 13 2 17 6 22 33 37

ENGR 1ST YR 492 38 12 15 2 7 1 17 13 8 11 1 13 3 16 71

ENGR 24D YR 329 35 9 10 2 5 1 10 12 8 11 1 14 2 9 14 T4

ENGR 3RD YR 263 34 6 10 3 5 1 11 10 7 10 1 13 3 12 13 72

ENGR 418 YR 351 32 7 8 3 5 1 9 7 9 8 0 11 2 11 15 70

GRADUATE 275 20 7 7 2 4 1 4 4 9 4 2 10' 5 11 22 61

TECH 1ST YR 119 44 18 23 3 6 1 32 22 8 15 1 22 6 24 33 36

TECH 2ND YR 62 40 26 19 2 13 8 16 16 10 13 3 11 6 21 35 35

TECH 3RD YR 13 31 23 8 0 0 0 8 23 31 8 0 8 8 23 31 38

TECH 4TH YR 17 18 0 18 0 0 0 0 18 6 0 0 12 0 24 19 41

u OF A ENGR 533 33 9 11 2 5 1 8 11 6 14 0 12 3 8 11 78

ASU ENGR 975 31 7 9 2 5 1 11 8 10 6 1 12 3 9 18 70

ASU TECH 54 28 13 15 0 7 4 19 17 15 7 0 9 7 17 28 46

NAU ENGR SS 29 16 9 2 0 0 16 13 7 13 0 22 0 16 20 62

NAU TECH 9 78 0 33 0 0 11 22 0 0 0 0 44 22 0 44 33

PC ENGR 70 53 17 21 4 10 1 19 26 14 13 1 14 9 20 14 57

PC TECH 72 40 21 25 3 14 0 17 19 4 10 0 10 6 21 32 39

GCC ENGR 75 29 12 13 5 11 3 21 11 1 11 3 15 4 17 25 53

GCC TECH 30 50 13 20 3 10 0 27 23 3 20 3 23 17 20 30 33

MC TECH 13 54 23 23 0 0 0 46 15 0 8 0 23 8 38 8 31

AWC TECH 27 37 19 22 0 11 4 22 41 19 26 4 26 0 26 44 30

CC TECH 18 39 33 17 11 6 6 39 11 17 39 11 22 6 39 22 33

EAC TECH 14 57 21 14 0 7 14 36 14 21 21 0 43 0 29 SO 21

Hs IND ARTS 709 101 12 16 3 14 3 30 23 21 25 2 38 4 13 21 61

HS VOC ED 218 39101 28 19 16 3 22 27 20 23 3 18 5 25 25 43

HS TECH 245 47 26100 3 13 2 30 40 20 16 2 20 4 15 22 SS

EMPL EXP 1235 33 11 12 3 7 1 12 11 9 10 1 13 5 13 19 62

MIL EXP 480 29 14 12 4 7 2 12 9 8 9 1 14 7 2/ 23 47

PROGRAMS IN HIGH SCHOOL
IIIIIMPRINIIMM1111110111114111111111MMOM4114

A INDUSTRIAL ARTS
B VOCATIONAL EDUCATION
C TECW4ICAL EDUCATIC'

1

HIGH SCHOOL COURSES
=.11411110.141111141141NWIIMIMIIIINIMMIN

A AGRICULTURE
8 AUTO MECHANICS
C ARTS AND CRAFTS
D DRAFTING
E ELECTRICITy-ELECTRONICS
F GENERAL SHOP
G METALWORK
H PRINTING

WOODWORK

HIGH SCHOOL MATH
eimesemeMmossowassailliaimmIlllorms

A 1 YEAR
8 2 YEARS
C 3 YEARS
D 4 YEARS

1
Courses taken by students in industrial arts, vocational education, or technical education.
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TABLE 7 (CONTINUED)
ENGINEER/NG AND TECHNOLOGY STUDENTS

HIGH SCHOOL PREPARATION AND EMPLOYMENT EXPER/ENCE
(RESPONSES /N PERCENTAGES)

NUMBER
HS CHEM

A B
MS PHYSICS

A B
HS DRAFTING

A B C
EMPLOYMENT EXPA BCDE

AL.t. STUDENTS 2092 74 7 71 4 31 15 5 14 10 4 51 23
ENGR STUDENTS 1756 77 8 76 4 32 14 5 16 10 3 52 24
TZCH STUDENTS 232 63 5 50 3 29 18 9 4 16 5 51 20

ENGR 1ST YR 492 77 7 74 3 31 17 6 5 9 2 37 17
EXGR 2ND YR 329 79 .8 76 4 32 12 5 4 8 5 47 20
ENGR SRD YR 263 76 11 79 5 35 13 6 8 15 5 54 25
ENGR 47ci YR 351 79 8 75 6 32 14 4 11 16 5 63 27
GRADUATE 275 74 6 76 5 34 14 2 63 2 1 69 36

TECH 151 YR 119 61 3 44 0 24 18 11 2 12 4 42 19
TECH 2ND YR 62 60 10 45 6 40 16 8 2 11 3 48 23
TECH 3RD YR 13 69 0 77 0 23 23 8 0 23 0 85 15
TECH 4TH YR 17 82 0 76 12 .29 12 6 18 35 18 88 29

U OF A ENGR 533 80 8 82 5 14 11 4 7 11 3 45 18
ASU ENCR 975 77 9 77 5 32 16 5 23 9 4 57 27
ASU TECH 54 69 7 69 2 31 17 9 6 30 4 65 22
hAU ENG: 55 78 .4 62 4 36 7 4 4 7 9 35 13
NAU TECH 9 67 0 44 %I 33 44 0 0 11 11 78 0

PC ENGR 70 63 3 47 1 40 7 4 6 13 16 57 26
PC TEC:-; 72 63 3 38 6 22 14 11 1 11 13 46 26
CCC Ee:CR 75 72 3 60 1 27 19 8 7 17 1 39 28
CCC TECH 30 47 10 53 0 27 30 7 3 20 40 27

NC TECA 13 38 8 31 0 23 23 15 0 23 0 69 46
AWC TECH 27 63 0 44 4 26 15 4 0 11 0 41 11
CC TECH 18 61 6. 50 6 39 17 11 6 6 0 39 6
EAC TECH 14 64 -0 36 0 43 7 7 0 0 1,4 29 7

HS IND ARTS 709 73 6 67 5 37 21 7 10 10 5 50 20
HS VOC ED 218 '62 5. 51 6 29 16 5 11 12 5 54,29
H$ TECH 245 68 7 63 8 34 18 9 11.13 8 52 23

EMPL EXP 1235 72 7 71 5 32 15 6 24 18 6 8730
MIL EXP 480 66 5 65 5 32 13 5 21 19 5 67100

HS CHEMISTRY
milielommmallswimmodilimmillmdre

A 1 YEAR
B 2 YEARS

HS PHYSICS
4/// MIIIMINION1100110 MUMS"

A 1 YEAR
2 YEARS

HS DRAFTING
11111M0//011111.11N111

A 1 YEAR
B 2 YEARS
C 3 YEARS

EMPLOYMENT EXP
0142111011100010.1000MOOOMi

A PRESENT EMPLOYED ENGINEER
PRESENT EMPLOYED TECHNICIAN

C PRESENT EMPLOYED SKILLED
CRAFTSMAN

PREVIOUS INDUSTRIAL OR
MECHANICAL EMPLOYMENT

E SKILLED TRAINING OR
EXPERIENCE IN THE
ARMED SERVICES
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TABLE 8
ENGINEERING AND TECHNOLOGY STUDENTS

CAREER SELECTION
(RESPONSES IN PERCENTAGES)

CAREER OBJECTIVE

0 85 13
0 85 13
0 86 9

NUMBER A B CDEFGHIJ
ALL STUDENTS 2092 46 25 0 14 1 3 3

ENGR STUDENTS 1756 49 22 0 15 2 3 4
TECH STUDENTS 232 .29 46 0 9 0 4 2

ENGR 151 YA 492 53 26 0 8 2 2 1

ENGR 2ND YR 329 53 22 1 14 2 1 2

ENGR 3RD YR 263 54 19 0 17 1 0 3

ENGR 4TH YR 351 44 22 1 17 2 2 7
GRADUATE 275 39 15 0 24 1 10 7

TECH 1ST YR 119 31 45 1. 7 1 5 2
TECH 2ND YR 62 29 50 0 8 0 3 2
TECH 3RD YR . 13 15 62 0 15 0 8 0
TECH 4TH YR 17 29 24 0 24 0 0 6

U OF A ENGR 533 53 23 0 11 2 1 2
ASU ENGR 975 48. 18 1 18 2- 4 5

ASU TECH 54 35 39 0 11 2 2 4
NAU ENGR 55 49 36 2 7 2 2 0

NAU TECH 9 44 44 011 0 0 0

PC ENGR 70 41 34 1 10 0 1 0
.12C TECH 72 26 46 0 10 0 1 0

GCC ENGR 75 41 39 0 8 3 1 0
GCC TECH 30 30 47 3 3 0 3 3

MC TECH 13 8 62 0 15 0 8 0

AWC TECH 27 26 48 0 15 0 4 0

CC TECH 18 44 28. 0 11 0 11 0

EAC TECH,' 14 7790 0 0 14 0

HS IND ARTS 709 42 31 0 14 1 3 2

HS VOC ED 218 38 31 1 18 1 2 2

HS TECM 245 41 35 0 11 0 3 3

EMPi. EXP 1235 45 24 0 17 1 3 3

MIL EXP 480 40 25 0 16 2 3 9

CAREER OBJECTIVE

A PROFESSIONAL
B TECHNICAL
C SKILLED
D MANAGEMENT
E RESEARCH
F TEACHING
G MILITARY
H NONE
I OBJECTIVE QUITE FIRM
J OBJECTIVE NOT FIRM

0 82 15
0 88 11
0 84 15
0 89 10
0 86 11

O 83 12
O 94 A
p 77 23
O 94 6

0 84 14
O 86 13
0 89 9
O 85 9
0100 0

0 81 13
O 86 7
O 87 13
0'90 0

0160 0
O 74 22
O 44 39
O 93 7

O 85 12
O 82 14
0 88 9

O 86 11
0 88 10
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TABLE 8 (CONTINUED)
ENGINEERING AND TECHNOLOGY STUDENTS

CAREER SELECTION
(RESPONSES IN PERCENTAGES)

TIME CAREER CHOSEN

....*11{

CAREER INFLUENCEABCDEFGHI
7 8
7 7
7 9

ABCDE
10 45 15 13. 2 23
11 46 14 12 2 24
7 41 19 16 0 18

13 60 8 5. 0 26
10 52 15 9 0 24
12 42 17 14 1 21
12 34 12 23 2 5
7 33 23. 17 8. 20

6 50 14 11 0 18
6 32 27 16 2 13
15 31. 23 23 0 31
6 29. 12 53 0 24

14 52 8 8 1 26
10 42 17 6 3 23
17 31 22 26 0 20
7 58 5 11 0 18.

0 44 11 33 0 33

19 40 19 6 0 21
4 38 17 0 15
5 49 16 4 0 29
7 30 27 7 0 20

0 38 23 .23 8 8

4 48 22 11 0 19
6 61 6 22 0 28
0 57 21 7 0 14

11 48 15 12 1 21
9 42 17.11 2 20

11 48 17 8 2 24

11 37 18 14 3 21
7 24 30 13 4 16

8 10.
.6 6
7

2 6 5
9 8

6 13
8 6
8 0
12 12

5
1 8 9

15 7
4 9
0 11

9
7 6 '7

11
1 3 3

TIME CAREER CHOSEN
IMO 41111Pail

0 8
15 22
11 0
O 43

7 9
7 9

10' 7

7 6
5 5

3 26 2 3
3 25 2 3
5 30 3 3

2 19
3 23

7329
3 27
3 34

4
5

23
0

4220
4 27
6 31
0 31
0 44

1127
3 3r

9129
7 27

2
2
4
3
2

23 2
29 6
31 0
53 0

3
4
2
3
2

3 4
2 3
2 4
0 4
0 0

3
3
0
0

3 3
1 3
4 5
T 0

8 38
7 26
11 22
0 21

3 25
4 37
2 26

3 34
342

0
4
0
7

0
0
6
0

2 3
4 1

0 .3

2 3
7 3

slow memramele

23 4
24 4
25 1

25
26
22
22
20

27
26
21
24

30
21
28
24
0

4
5
6

3
3

2
2

5
4
2
4
0

27 1

28 0
12 1

17 0

31
22
28
7

8
4
0
0

23 4
16 3
20' 7

20 4
15 3

CAREER INFLUENCE
sommOlmmommommumeimmimmairmimmommemmimenNOMOODMM~1111

A BEFORE HIGH SCHOOL A
B WHILE IN HIGH SCHOOL 8

C BETWEEN HIGH SCHOOL AND COLLEGE C
D WHILE IN COLLEGE
E FTER PREVIOUS.COLLEGE

.H

fAMILY
FRIENDS AND ACOUAINTENCES
HIGH SCHOOL EXPERIENCE
COLLEGE EXPERIENCE
WORK EXPERIENCE
MILITARY SERVICE
TV, BOOKS, ETC.
PERSONAL INTEREST
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TABLE 9
ENGINEERING AND TECHNOLOGY STUDENTS

FAMILY BACKGROUND
(RESPONSES IN PERCENTAGES)

FATHER'S OCCUPATIONNUMBERABCDEFGHI FAMILY INCOMEABCDEFG
ALL STUDENTS 2092 11, 3 22 9 9 12 21 4 5 4 14 23 18 14 9 14
ENGR STUDENTS 1756 11 3 21 9 9 13 21 4 5 4 13 22 18 14 9 15

TECH STUDENTS 232 8 4,26 13 12 9 16 3 3 3 20 29 15 12 6 11

ENGR 1ST YR 492 13 3 22 7 7 13' 22 5 5 3 13 22 20 10 13 14

ENGR 2ND YR 329 10 2 25 9 9 14 20 5 4 2 11 22 18 16 9 16

ENGR 3RD YR 263 13 3 20 10 10 13 21 5 3 6 13 18 19 17 8 16

ENGR 4TH YR 351 10 3 24 5 10 13 21 4 5 2 11 25 15 17 9 17

GRADUATE 275 13 4 12 13.11 12 24 1 7 8 14 23 18 12 6 14

TECH 1ST YR 119 6 4 28 13 13 10 16 2 4 3 24 29 18 11 3 8

TECH 2ND YR 62 10 3 29 8 16. 5 13 8 3 5 16 29 15 16 10 8

TECH 3RD YR 13 8 8 8 15 0 15 38 0 0 0 8 38 0 8 8 38

TECH 4TH YR 17 18 0 12 35 0 12 24 0 0 6 0 29 18 18 12 12

U OF A ENGR 533 13 3 26 4 10 15 18 6 4 3 10 23 17 14 12 16

ASU ENGR 975 12 3 17.11 8 13 25 3 5 4 13 21 18 15 9 16

ASU TECH 54 17 4 17 17 2 13 26 0 0 6724 9 20 7 20

NAU ENGR 55 7 0 33 4 16 13 11 4 5 0 15 36 11 16 9 :5

NAU TECH 9 11 22 11 0 0 0 33 11. 0 0 22 22 11 22 11 0
1,

PC ENGR 70 10 4 37 1 16 6 10 7 1 7 24 23 16 7 9 747

PC TECH 72 4 1 40 3 24 6 6 6 6 3 21 26 18 11 6 11

GCC ENGR 75 11 7 24 11 .9 9 16 4 7 8 17 24.33 7 3 t3

GCC TECH 30 0 3 27 23 13 7 17 3 3 0 33 33 17 7 :3

MC TECH 13 15 8 31 8 0 8 15 0 8 0 8 31 23 15 15 '8

AWC TECH 27 7 7 15 15 4 11 22 7 4 4 37 22 22 4 O. 4

CC TECH 18. 0 11 28 17 0 17 17 .6 6 0 28 33 22 0 11 6

EACTECH 14 7036 7 21 7 14 0 0 0 7 50 14 21 0 7

HS IND ARTS 709 9 4 22 10 11 11' 21 4 5 3.14 23 20 14 9 12

HS VOC ED 218 8 4 28 12 14 9 15 3 .3 4 17 29 19 10 5 10

HS TECH 245 9 5 25 9 9 14 16 3 3 3 15 21 25 13 7 11

EMPL EXP 1235 11 3 22 10 9 12 21 3 5 4 14 24 16 14 .9 14

MIL EXP 480 10 3 21 11 13 10 18 4 5 5 16 25 17 10 8 10

FATHER'S

A
B

OCCUPATION FAMILY INCOME
Ilmameamb

ENGINEER
TECHNICIAN

A
B

LESS THAN $300 PER MONTH
$300 .$500 PER MONTH

C SKILLED C $500 $700 PER MONTH

D SEMISKILLED D $700 0. $900 PER MONTH

E UNSKILLED E A900. is $1100 PER MONTH

F
G

A DIFFERENT PROFESSION
BUSINESS

.F
G

whoa - $1300 PER MONTH
MORE'THAN $1300 PER MONTH

H MILITARY
GOVERNMENT



Another significant observation is the amount of work experience
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reported by students in both engineering and technology. More than hali
have been employed as industrial workers, technicians, or engineers. One-
fourth have received technical training or experience in the armed services,
Nearly one-third are now employed, predominately in the Phoenix and Dicson
areas. Thcjxportancn of work experience as an influence in career selection
is evident in the percentages of first year students who have had industrial
or mechanical employment -- 37% of the first year engineering students, and
42% of the first year technology students.

In selecting careers, nearly half made the choice while in high school,
and 10% even before that. The three principal influences, representing
approximately one-fourth of the students in each case, were family, work
experience, and personal interest. For technology students, the influence of
families was a little less and work experience a bit more. An overwhelming
majority of all students are confident of their career choices.

Nearly one-fourth of the students' fathers were skilled craftsmen and
nearly one-iifth semi-skilled or unskilled. Their parents' family income
ranged rather evenly from $300 per month to more than $1,300 per month, with
nearly one-fourth in the $500 to $700 bracket.

One-third of all students had industrial arts courses in high school,
and 10% took either vocational or technical education. No significant
differences appear in the responses of these students from those without such
preparatory high school training.

Half of all students have had one to three years of drafting in high
school. More engineering students than technical students had taken several
years of mathematics and science in high school, but the percentages are
high for both.

When engineering students were asked why others drop out of theprogram,
more than half said it was too difficult for them. A third of the technology
students gave the same answer.

The interpretations that may be drawn from this phase of the survey
are endless, The data compiled are the best yet obtained, and as such are
valuable although not to be considered dogmatic or permanent. As the report
went to press, changes in the Selective Service program made the data for
draft status largely obsolete. Patterns may be seen, however, which will
enable educators to review iecruiting and admission policies and industry
to examine its own interests in chese areas.

0



CHAPTER IV

SURVEY OF INDUSTRY

How the Survey.yas Made

All employers of engineering or technical personnel in Arizona who could be

identified were contacted and aslspd to participate. This included mining, manu-

facturing, contract construction, transportation, communications, utilities,

services, military installations, educational institutions, and other government

agencies. Altogether 610 companies and organizations were contacted, and 580
participat3d in the survey including all major employers.

A list of thirty-six occupational categories was used to include all per-
sonnel from professional engineers to skilled craftsmen. Employers were inter-

viewed separately for each occupation in which the company mployed personnel.
Classification of employees was left entirely to employers, who were asked to

iftentify each of their engineering, technical, and skilled employees in one or
another of the 36 occupations according to the nature of the job and the educa-

tional qualifications normally required. Questionnaires were given to all
employees according to the occupations in which they we,:e identified by their

employers. From early June to mid-October (1967), 1,570 employer interviews
were completed, 13,589 employee questionnaires distributed, and 3,926 employee 1/

questionnaires returned.

The data were key punched and printed out in basic tables showing the
number and percentages of responses to each question within each occupational

classificatiun. Summary tables were printed out using percentages only, and
the data in these are arranged by major subject to include employer and

employee responses to similar questions. The employer percentages axesof.

total employees in each occupation rather than of the employers themselves.

The employee percentages arc of thc. number irCeach occupation who retdrned -ques-

tionnaires. Table 10 contains the number of employees who received question-
naires, the number returned, and the percentage of returns by occupation

and major classification. The number receiving questionnaires is the total

number of employees represented by the employer data.

Results

Technical Skills Required and Used: A list of eighteen skilled activi-
,

ties was used in the survey to gather data on job functions. Employers were/
asked which are major skills, which are minor skills, and which are not used.
Employees were asked the approximate percent of time they spend in each acti-

vity. It was not the purpose of the survey to arrive at job descriptions,

45
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TABLE 10

gMPLOYEES REPRESENTED IN THE SURVEY

Questionnaires Distributed Questionnaires Returned Percent

Aerospace Engineers 184 16 8

Chemical Engineers 258 89 34

Civil Engineers 871 445 51

Electrical Engineers 919 185 20

Electronic Engineers 1299
.

465 35

Geological Engineers 64 35 54

Industrial Engineers 330 73 22

Mechanical Engineers 1008 334 33

Metallurgic Engineers 86 54 62

Mining Engineers 118 62 52

Nuclear Engineers 3 06 200

Total Engineers 5140 1764 34

Chemical Asso. Engineers 21 09 42

Civil Asso. Engineers 411 168 40

Electrical Asso. Engineers 235 91 38

Mechanical Asso. Engineers 231 29 12

Mining Asso. Engineers 04 06 150

Construction Asso. Engineers 302 89 29.

Total Asso. Engineers 1204 392 32

Aeronautical 372 58 15

Chemical 151 65 43

Civil 1255 436 34

Data Process 361 142 39

Drafting 513 171 33

Electrical 339 68 20

Electronics 1271 425 33

Geological 25 14 56

Industrial 243 66 27

Mechanical 514 119 23

Metallurgic 41 14 34

Total Technicians 5085 1578 31

Experimental Machinist 439 22 05

Instrument Maker 70 15 21

Instrument Man 140 30 21

Lay Out Man 199 17 08

Machine Set Up 758 27 03

Machine Repair 320 47 14

Tool and Die Maker 234 34 14

Total Skilled Craftsmen 2160 192 08
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but to learn the extent to which these particular activities make up the actual

practice of different kinds of engineering, technology, and skilled industrial

employment.

The results are summarized in the following nine-page table. Employer

and employee responses in each occupation are given for each activity as major,

minor, and not used. Apparently engineers, and to a considerable extent tech-

nicians and skilled craftsmen, do not perform many tasks which their employers

say are part of the job. Employers have described what might be required and

employees have stated only what is required in their present positions.

The relative importance of thesepactivities in all occupations is shown

by the extent to which both employers and employees agree. In the series of

graphs beginning on page ,solid lines represent employer responses and broken

lines employee responses. On the side of each graph are the percentages. Major

and minor responses have been combined to form two single lines, representing

employees whose companies say the activity is either a major or minor one and

employees who have rvorted time spent in that activity. In this way, each

activity is traced through thirty-three occupations beginning with engineers

on the left followed by associate engineers, technicians, and skilled crafts-

men on the right. Three occupations which were included in the survey have

been omitted here because of insufficient responses for statistical analysis.

From the graphs it is possible to observe variations in the importance

of each activity in different occupations. Jagged lines with alternating

peaks and lows indicate only partial commonality of a skill in various fields.

The activity may be quite important in some fields and not in others. Surveying

is a good example. Nearly everyone may be expected to use this skill in civil,

geological and mining engineering and in the corresponding technologies. It

is almost never used in nineteen other engineering and technical fields.

Differences and similarities between employer responses on the one hand

and employee responses on the other are apparent in nearly every activity listed.

In addition to the greater importance attached to most activities by employers

than by employees, employers also make sharper distinctions between skills in

each occupation. This is seen in the often jagged appearance of the employer

line compared with the employee line below. In most activities the greatest

differences between employer and employee responses occur in the engineering

fields. This may be accounted for by the nature of engineering as compared

with both technology and the skilled crafts. The latter are more manipulative

than mental, requiring manual skills to a greater extent than intellectual.

Plant or shop jobs are more specific than desk jobs.

For the most part, sharp distinctions between the work of engineers,

associate engineers, technicians, and skilled personnel are not evident here

because the nature or level of the activity is not identified. The graphs and

the data on which they are based, however, show activities that are more

important in engineering than in the supporting occupations. Graph lines for

these have a sloping pattern from left to right. This is evident, for instance,

in the case of research and supervision although not as much as might have been

expEcted. There are no activities significantly important in the technical and

skilled occupations that are not equally important or very nearly so in engineer-

ing. There are activities in the skilled crafts that technicians as a rule do

not perform and others that may be required of certain technicians but not of

skilled craftsmen. The work of engineers apparently extends on a broad scale
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CHEMICAL
CIVIL

ELECTRICAL
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TOTAL
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184
258
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MECHANICAL 1008
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TABLE 11
TECHN/CAL SKILLS REQUIRED AND USED

(RESPONSES IN PERCENTAGES)

RESEARCH
EMPLOYER EMPLOYEE
RESPONSE RESPONSE

M M N M M N
0

g I
R 'R

0

g N I
R R

SUPERVISION
MOLCPIER
RESPONSE

M M N
A I 0

g g I
R R

EMPLOYEE
RESPONSE

M M N
A I 0

g g
R R

16 93 2 0 31 25 38 4 7 85 56 31 6

89 77 22 2 39 28 31 80 15 5 55 24 20

445 16 30 51 11 31 55 74 21 5 59 23 16

185 81 11 7 18 31 50 11 80 8 45 21 34
465 64 33 2 20 .32 48 49 38 13 34 31 35

35 44.47 9 20 49 31 36 56 8 43 34 23

73 43 35 22 10 34 56 55 27 19 30 32 38
334 46 47 7 17 36 47 33 34 33 34 28 37
54 60 36 1 37 44 19 74 13 10 57 19 24

62 28 52 2 8 27 65 50 29 1 56 8 35
6 0100 0 83 0 17 100 0 0 83 17

9 48 29 0 11 44 44 29 19 29 22 33 44
168 1 11 83 4 29 68 78 12 6 59 21 20
91 0 29 69 11 35 53 .3 79 16 14 36 48

29 11 5 83 21 21 59 7 6 86 28 26 45
6 0 25 0 17 67 17 0 25 0 0 67 33

89 3 19 70 7 33 61 71 13 7 47 18 35

58 16 5 79 9 22 82 37 38 24
65

436

142

26
1

14

40
4

2

32
95

83

15

8

4

:74

15 77

25
6

5

35
73

80

38
20

15

171 3 10 85 17 35 48 3 24 70 " 61
68 3 7 87 12 21 65 27 25 45 26 25 46

425 13 45 41 15 26 58 14 62 23 18 31 50
14 48 36 12 38 43 14 12 64 20 14 29 50
66 8 20 72 12 20 64 19 76 5 35 26 35

119 8 42 47 13 30 55 11 35 48 20 26 52

14 7 83 10 21 36 43 32 56 12 50 29 21
0 0 0 0 0 o o o o o o 0 0

22 5 4 90 5 18 73 3 14 84 9 27 59

15' 19 14 67 20 33 40 13 16 71 20 7 67
30 2 45 53. 0 40 60 13 53 34 13 47 40

17 13 21 66 0 12 88. 33 28 40 24 18 59

27 50 3 45 0 33 63, 5 12 81 22 22 52
47 2 4 94 13 72 11 65 23 13 32. 47
34 3 16 80 0 26 '68 9 33 57 6 18' 71



ENG I NEERS

AEROSPACE
CH*MICAL
CtVIL

TOTAL
EMPLOYEES

184
258
871

16
89

445

ELECTR I CAL 919 185
ELECTRONIC 1299 465
GEOLOGICAL 64 35

INDUSTRIAL 330 73
MECHANICAL 1008 334
MATALLURGIC 86 54

MINING 118 62
NUCLEAR 3 6

ASSC.ENGINEERS

CHEMICAL 21
CIVIL 411
ELECTRICAL 235

MECHANICAL 231
MINING 4
CONSTRUCT ION 302

TECHN IC IANS

AERONAUT ICAL
CHEMICAL
CIVIL

DATA PROCESS
DRAFT I NG

ELECTRICAL

372
151

1255

361
513
339

ELECTRONICS 1271
GEOLOGICAL 25
INDUSTRIAL 243

MECHANICAL 514
METALLURGIC 41
NUCLEAR 0

SKI LLED CRAFTSMEN

EXP. MACHINE 439
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I NST RU MAN 140

LAY OUT MAN 199
MACH. SET UP 758
MACH. REPA IR 320
TPOL AND DIE 234
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TABLE 11 CONTINUED
TECHNICAL SKILLS REQUIRED AND USED

(RE§PONSES rN PERCENTAGES)

PRODUCTION DESIGN
EMPLOYER EMPLOYEE
RESPONSE RESPONSE

M
A

R

M
I

R

N
0 A

88 8 4 21
15 61 24 3

17 24 5./ 19

5 33 63 15

63 29 8 30

2 30 59 14

58 23 19 21
74 17 9 24
55 37 6 9

31 36 8 26
0 0100 0

9 10 57
168 4 2

91 21 11

29 89 5

6 0 25
89 11 29

58 6 38
65 5 19

436 2 2

142 0 65
171 19 37
68 17 10

425 1 19
14 0 0
66 2 30

119 11 44
14 49 10
0 0 0

22 3 48
15 20 11

30 5 24

17 37 20
27 7 64
47 9 29
34 15 29

10
90
66

5

0

52

55
74
95

35
42
68

77
96
67

41
41
.0

M N
I 0
g I
0 69
8 88

13 66

13 72
14 56
3 83

19 60
22 54
28 63

18 56
0 100

0 0 100
13 8 79
25 11 63

21 17 62
17 17 67
6 26 69

2
2

2

2
14
3

9 83
3 94
7 89

6
19
7

5 12
14 7

6 14

89
67
87

82
71
76

3 9 86
36 64

o o o

50 5 27 64
69 0 20 73

71 7 93

44 12 12 76
27 0 19 78
62 2 9 81
56 6 18 71

SYSTEMS

EMPLOYER
RESPONSE

M M N
A I 0
g g g

9t I
12 59 24
13 21 64

41 54 5

64 33 2

3 11 80

59 22 19
54 33 12
'35 60 2

19 42 20
0100 0

10 29 38
2 4 90

63 30 4

9 48 42
0 0 25
13 19 59

4,49 47
0 19 79
2 4 93

24 71 4
5 11 82
14 27 55

24 9 66
0 0 96
7 18 75

11 13 72
0 2 98
0 0 0

ANALYSIS

EMPLOYEE
RESPONSE

. A
M N
I 0

o I
13
3

2

6
10
7

24 20
23 31
. 0 9

15
15

27
21
15

75
85
89

56
46
91

58
64
85

6 10 84
O 0 100

0 0 100
2 5 93
8 18 74

10 k 4 66
0 0 100
2 15 83

10 16 67
3 6 89
1 5 92

25 20 51
2 6 '92
3 18 76

7 20 72
7 14 71
5 11 so

5 6 87
O 14 86
0 0 0

1 5 95 0 5 91
16 9 76 0 0 93
18 26 56 0 30 70

17 9 74 0 12 88
5 10 83 7 19 70

23 8 69 2 11 79
2 3 94 0 12 82



TOTAL
ENGINEERS EMPLOYEES

AEROSPACE
CHEMICAL
CIVIL

ELECTRICAL
ELECTRONIC
GEOLOGICAL

INDUSTRIAL
MECHANICAL
MATALLURGIC

184
258
871

919
1299

64

330
1008

86

MINING 118
NUCLEAR 3

ASSC.ENGINEERS

CHEMICAL 21
CIVIL 411
ELECTRICAL 235

MECHANICAL
MINING
CONSTRUCTION

TECHNICIANS

231
4

302

AERONAUTICAL 372
CHEMICAL 151
CIVIL 1255

DATA PROCESS
DRAFTING
ELECTRICAL

361
513
339

ELECTRONICS 1271
GEOLOGICAL 25
INDUSTRIAL 243

MECHANICAL
METALLURGIC
NUCLEAR

514
41
0

SKILLED CRAFTSMEN

EXP. MACHINE 439
INSTRU MAKER 70
INSTRU MAN 140

LAY OUT MAN 199
MACH. SET UP 758
MACH. REPAIR 320
TOOL AND DIE 234
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TABLE 11 CONTINUED
TECHNICAL SKILLS REQUIRED AND USED

(RESPONSES IN PERCENTAGES)

QUALITY
EMPLOYER
RESPONSE

M. M N
A I 0

R R

CONTROL
EMPLOYEE
RESPONSE

M M N
A I 0
g g
R R

TESTING MATERIALS ETC

EMPLOYER
RESPONSE

EMPLOYEE
RESPONSE

M MN M MN
A I 0 A I 0ggg JNN

0 0 E
R R R R

16 89 2 9 6 6 81 10 6 84 19 0 75
89 53 43 4 12 13 73 69 26 0 .9 16 74

445 22 41 34 5 19 74 47 40 13 2 15 82

185 1 31 68 2 13 85 5 40 54 8 14 78
465 30 67 2 7 15 78 78 20 2 17 23 60
35 19 34 44 6 14 80 6 52 33 .0 14 86

73 43 35 22 10 22 68 33 32 35 8 14 78
334 17 65 15 6 18 76 60 33 5 19 25 57
54 73 22 2 4 20 76 76 21 1 17 22 61

62 18 55 8 10 15 76 1958. 4 2 10 89
6. 0 0100 0 0100 0 0100 0 0100

9 29 48 0 0 22 78 48 19 10 11 11 78
168 3 72 20 15 27 58 74 8 13 7 24 70
91 75 13 9 3 13 82 85 7 5 5 13 80

29 8 85 6 7 21 72 85 11 .3 17 10 72
6 0 0 25 17 17 67 0 0 25 0 17 83
89 43 13 36 9 29 62 21 40 31 2 24 74

58 51 36 13 19 21 53 78 ,8 14 22 26 45
65 26 29 43 25 18 55 56 21 21 43 17 38

436 7 61 32 16 13 69 66 16 17 14 16 68

142 4 78 17 10 28 58 64 4 30 38 4 54
171 7 43 48 1 11 88 1 6 90 1 8 91
68 32 11 52 4 9 84 25 24 45 12 18 68

425 18 61 20 10 20 70 80 10 9 34 21 45
14 12 12 72 7 7 79 8 24 64 29 14 50
66 70 22 8 35 20 41 75 8 16 17 17 62

119 28 34 34 4 11 83 60 18 21 44 8 46
14 71 27 2 14 21 64 54 32 15 29 7 64
0 0 0 0 0 0 0 0 0 0 0 0 0

22 23 11 67 5 18 73 4 12 84 0 23 73
15 24 0 76 0 40 53 83 7 10 0 20 73
30 32 29 39 0 20 80 39 18 43 13 23 63

17 47 25 28 6 18 76 19 34 47 0 29 71
27 17 64 18 0 30 67 55 13 27 4 22 70
47 6 34 60 0 15 77 27 44 29 11 13 68
34 36 35 29 6 21 68 16 32 52 3 18 74



ENGINEERS

AEROSPACE
CHEMICAL
CIVIL

ELECTRICAL
ELECTRONIC
GEOLOGICAL

INDUSTRIAL
MECHANICAL
MATALLURGIC

TOTAL
EMPLOYEES

184
258
871

919
1299

64

330
1008

86

MINING 118
NUCLEAR 3

ASSC.ENGINEERS

CHEMICAL
CIVIL
ELECTRICAL

MECHANICAL
MINING
CONSTRUCTION

TECHNICIANS

21
411
235

231
4

302

AERONAUT I CAL 372
CHEMICAL 151
CIVIL 1255

DATA PROCESS
DRAFTING
ELECTRICAL

ELECTRONICS
GEOLOGICAL
INDUSTRIAL

MECHANICAL
METALLURGIC
NUCLEAR

361
513
339

1271
25

243

514
4/
0

SKILLED CRAFTSMEN

EXP. MACHINE 439
INSTRU MAKER 70
INSTRU MAN 140

LAY OUT MAN 199
MACH. SET UP 758
MACH. REPAIR 320
TOOL AND DIE 234
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TABLE 11 CONTINUED
TECHNICAL SKILLS REQUIRED AND

(RESPONSES IN PERCENTAGES)

INSTRUMENTATION ETC
EMPLOYER EMPLOYEE
RESPONSE RESPONSE

M MN M M
A I 0 A 1

g E '401

R R R R

16 6 13 82 0 6

89 35 62 3 4 13

445 17 35 45 0 8

185 30 14'56 1 16

465 64 36 1 3 15

35 28 52 14 0 14

73 6 50 44 1 3

334 16 73 7 1 17

54 27 66 5 4 19

62 1 54 26 2 3

6 0100 0 0 33

9 0 67 10 0 11

168 4 4 87 2 11
91 70 20 8 0 7

29 41 12 47 3 10

6 0 0 25 0 17

89 7 21 63 0 7

58 62 29 8 5 29

65 40 45 13 3 23

436 5 11 .84 1 14

142 0 13 86 1 8

171 2 16 80 1 2

68 57 7 32 4 24

425 90 5 3 12 27

14 40 20 36. 7 29
66 53 35 17 8 14

119 63 23 12 14 18

14 5 80 15 7 7

0 0 0 0 0 0

22 13 8 79 9 14

15 77 14 9 27 20

30 76 5 19 70 13

17 30 26 40 0 24
27 14 22 62 4 19

47 15 65 21 6 11

34 23 26 51 3 21

USED

PRODUCTION INSPECT
EMPLOYER EMPLOYEE
RESPONSE RESPONSE

N M M N M M N
0 A I 0 A I 0

N S N N
0 0 E 0 0 E
R R R R

88 7 3 91 6 0 88
81 42 28 30 3 12 83
90 25 23 50 7 18 73

84 2 29 64 1 14 85
82 21 46 32 0 8 92
86 5 33 53 .0 11 89

96 25 37 37 16. 84
82 22 27 47 2 13 44
78 41 37 20 6 28 ,67

95 15 30 36 8 18 74
67 0 0100 0 0100

89 0 67 10 11 '11 78
88 7 6 83 14 19 67
92 2 11 83 2 19 78

86 6 9 84 0 21 79
83 0 0 25 0 33 67
93 36 22134 18 36 46

59 7 60 33 10 17 66

72 11 . 8 79 0 14 85
83 5 6 89 10 15 73

87 0 2 97 0 9 87
97 1 39 58 4 11 85
68 20 6 69 1 19 76

60 39 24 35 2 11 87
57 8 16 72 7 7 79
74 63 28 14 6 21 68

66 22 18 56 6 8 84
86 27 71 2 7 21 71
0 0 0 0 0 0 0

73 14 17 69 9 14 73
47 80 13 .7 0 7 87
17 27 12 61 0 7 93 ,

76 56 20 19 18 24
s

59 :

74 18 7 73 11 22 63
74 13 27 60 4 11 77
71 48 18 34 3 29 62
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TABLE 11 CONTINUED
TECHNICAL SKILLS REQUIRED AND USED

(RESPONSES IN PERCENTAGES)

.PRODUCTION LAYOUT

EMPLOYER EMPLOYEE
RESPONSE RESPONSE

ENGINEERS
TOTAL

EMPLOYEES

M
A
g
R

AEROSPACE 184 16 6

CHEMICAL 258 89 7

CIVIL 871 445 30

ELECTRICAL 919 185 3

ELECTRONIC 1299 465 7

GEOLOGICAL 64 35 2

INDUSTRIAL 330 73 70
MECHANICAL 1008 334 21
MATALLURGIC 86 54 30

MINING 118 62 39
NUCLEAR 3 6 0

ASSC.ENGINEERS

CHEMICAL 21 9 0

CIVIL 411 168 6

ELECTRICAL 235 91 0

MECHANICAL 231 29 10
MINING 4 6 0

CONSTRUCTION 302 89 39

TECHNICIANS

AERONAUTICAL 372 58 7

CHEMICAL 151 65 2

CIVIL 1255 436 9

DATA PROCESS 361 142 0

DRAFTING 513 171 17

ELECTRICAL 339 68 1

ELECTRONICS 1271 425 1

GEOLOGICAL 25 14 0

INDUSTRIAL 243 66 9

MECHANICAL 514 119 10

METALLURGIC 41 14 15
NUCLEAR 0 0 0

SKILLED CRAFTSMEN

EXP. MACHINE 439 22 21
INSTRU MAKER 70 15 13
INSTRU MAN 140 30 9

LAY OUT MAN 199 17 88
MACH. SET UP 758 27 25
MACH. REPAIR. 320 47 12
TOOL AND DIE 234 34 40

MN10
g 1
R

0 94
57 36
15 55

30 62
48 44
25 64

13 18
20 48
45 22

26 16
0100

38 38
5 84

69 27

3 86
0 25
21 31

7 86
3 93
7 84

1 97
7 73
15 64

14 82
12 84
84 11

18 68
41 44
0 0

51 28
14 73
26 62

4 4
7 66
28 60
28 32

DRAFTING

ElOWYER DOOM
RESPONSE RESPONSEMMN

I 0

ggi
R

13 81
9 89
31 60

M
A

g
R

M N
I 0

101

R

MMN
A

R

r 0

R

A

)1L

0
0
3

1

1

0

14
6
0

10

0100
4 94
12 83

7 92
6 93
14 86

33 53
7 87

20 80

16 74

6
4

56

4
8

42

22
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16

26

91 3

49 47
41 3

39 57
78 14
39. 13

32 46
34 4
70.12

54 1

6
1

7

6
1

11

0
6
0

16
.0 0100 0 0100 1 0

0 0100 29 10 38 11

5 16 79 87 7 2 17
15 15 68 6 85 6 30

3 14 83 8992 24
0 17 83 5 0 0 0

10 36 54 31 55 13 4

2 5 86 22 43 35 2

3 3 92 9 16 74 0

3 13 82 .82 15 4 20

0 4 93 0 66 33 0

6 13 80 100 0 0 84
7 13 76 8 49 38 15

2 '7 90 34 36 28 1

0 7 86 0 68 28 7

6 12 77 33 44 27 2

4 3 91 35 43 18 /
0 14 86 2 51 46 0

0 0 0 0 0 0 0

9 9 77 14 23 63 5

13 7.73 69 27 4 0

0 13 87 16 46 38 7

41 35 24 30 49 16 6

4 15 78 57 18 23 0
2 6 83 12 59 29 4
3 24 68 21 48 31 3

22 72
9 89

43 46

21 79
22 72
13 87

32 52am

22 67
35,48
27,42

24 52
33 67
43 53

12 79
8 91

27 50

1 95
8 8

16 66

17 81
29 57
20 74

17 75
29 71
0 0

9 82
27 67
13 80
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19 78
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TOTAL
ENGINEERS EMPLOYEES

AEROSPACE
CHEMICAL
CIVIL

ELECTRICAL
ELECTRONIC
GEOLOGICAL

INDUSTRIAL
MECHANICAL
MATALLURGIC

184
258
871

919
1299

64
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86

MINING 118
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CIVIL
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21
411
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4

302

AETIONAUTICAL 372
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ELECTRICAL 339
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MECHANICAL 514
METALLURGIC 41
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SKILLED CRAFTSMEN
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MACH. REPAIR 320
TOOL AND DIE 234
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TABLE 11 CONTINUED
TECHNICAL SKILLS REQUIRED AND USED

(RESPONSES IN PERCENTAGES)

COMPUTER PROGRAMMING ELECTRONIC SYSTEMS

EMPLOYER EMPLOYEE

RESPONSE RESPONSE

M M N M M N
A X 0 A I .0

g g I g 8 I
R R R R

EMPLOYER
RESPONSE

M M N
A I 0ggg
R R

EMPLOYEE
RESPONSE

M M N
A I 0JNN
0 0 E
R R

16 88 3 6 0 13 88 0 2 94 0 0 100

89 7 20 73 1 7 91 7 27 47 0 2 97

445 5 39 54 2 5 91 2 19 77 0 0 98

185 6 35 59 7 8 85 12 27 57 3 8 89

465 44 37 19 3 23 74 86 13 1 6 14 80

35 0 38 59 0 6 94 816 47 0 5 97

73 20 31 49 0 10 90 11 23 66 0 1 99

334 9 60 28 2 7 91 8 31 50 0 3 96

54 15 29 53 0 6 94 6 53 38 0 9 91

62 4 35 42 2 1C 89 2 35 45 0 0 10C
6 0 0100 0 0100 0 0100 0 0 100

9 0 19 57 0 11 89 0 10 67 0 0 100

168 0 13 83 1 4 96 3 1 92 0 2 98

91 3 77 18 2 16 80 86 2 10 13 9 77

29 0 4 95 3 10 86 35 1 62 3 3 03

6 0 0 25 0 0100 0 0 25 0 0 100

89 3 19 69 0 1 99 0 12 80 0 0 100

58 0 4 96 3 3 86 58 25 17 5 21 67

65 0 1 97 0 0 98 329 67 3 8 88

436 O. 3 96 2 2 93 0 3 96 0 1 96

142 96 3 1 23 40 33 67 16 16 15 15 67

171 0 2 96 0 1 99 0 1 96 0 1 99

68 0 14 81 0 4 93 54 4 38 19 12 66

425 31 22 45 3 5 92 70 27 3 34 19 46

14 0 40 56 7 0 86 0 40 56 0 14 79

66 2 11 91 0 3 92 24 39 42 0 11 85

119 0 1 94 0 0 98 12 44 38 8 3 87

14 0 0100 0 0 100 0 2 98 0 0 100

0 0 0 0 0 0 0 0 0 0 0 0 0

22 0 1 99 0 0 95 0 0 99 0 0 95

15 0 4 96 0 0 93 63 4 33 0 7 87

30 6 16 70 0 0 100 44 14 41 17 40 43

17 2 2 91 0 0 100 0 5 91 0 6 94

27 0097 15 0 81 3 6 89 4 0 93
47 0 0100 2 0 89 13 3 83 '15 2 74

34 0 2 97 0 6 88 2 3 95 3 3 88



ENGINEERS
...

AEROSPACE
CHEMICAL
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ELECTRICAL
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TOTAL
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184
258
871

919
1299

64

330
1008

86

118
3

21
411
235

231
4

302

372
151

1255

361
513
339

1271
25

243

514
41
0

SKILLED CRAFTSMEN

EXP. MACHINE 439
INSTRU MAKER 70
INSTRU MAN 140

LAY OUT MAN 199
MACH. SET UP 758
MACH. REPAIR. 320
TOOL AND DIE 234

54

TABLE 11 CONTINUED
TECHNICAL SKILLS REQUIRED AND USED

(RESPONSES rn PERCENTAGES)

AUTOMATED EQUIPMENT
EMPLOYEE
RESPONSE

M M N
A I 0

g N V
R R

DIPLOYER
RESPONSE

M M N
A I 0

g E
R
0 96

41 55
6 89

R
16 4
89 4

445 3

185 2

465 2

35 0

73 20
334 11
54 9

62 2
6 0

9 0
168 2

91 1

29 3

6 0
89 2

58 1

65 0
436 O.

142 1

171 0
68 3

425 5

14 0
66 7

119 11
14 0
0 0

22 44
15 10
30 25

17 18
27 70
47 59
34 19

31 62
63 35
2 89

24 55
24 54
50 38

7 73
0100

10 67
2 92
8 89

2 94
0 25
11 79

1 97
17 81
0 98

2 95
2 73
10 82

12 81
0 96

29 69

11 74
17 83
0 0

10 46
1 89

24 51

19 59
14 14
2 39
31 50

0 0 100
0 4 94
0 1 97

1 1 98
1 2 97
0 0 100

0 11 89
1 3 96
2 7 91

0 2 98
0 0 100

o 0 ioo
0 1 99
0 4 95

0 7 93
0 0 100
0 1 99

2 2 90
0 6 92
0 0 97

3 4 89
0 0 100
1 4 91

3 7 89
7 0 36
3 3 89

3 4 92
0 0 100
0 0 0

9
7

13

5 82
7 80

13 73

le 12 71

0 15 81
30 6 55
6 12 76

PRECISION.MACHINERY
EMPLOYER EMPLOYEE
RESPONSE

M M N
A I 0

g E
R
4 2 93
9 5 86
3 16 78

'RESPONSE

4 30 61
2 22 76
0 31 59

21 13 61
14 27 55
12 19 67

2 18 62
0 0100

0 10 67
2 2 92
10 15 72

42 2 55
0 0 25
5 11 75

2 20 7t
2 17 79
1 4 94

1 0 98
0 11 64

18 9 67

32 17 49
0 0 96
7 44 53

27 26 42
0 27 73
0 0 0

88 4 8

87 1 11
33 17 48

36 14 45
80 11 9
53 31 16
85 7 8

M M N
A I 0

g
R R

0
1

0

6 94
2 96
2 96

3 97
2 98
0 100

7 93
4 95
2 98

0 98

11
1

0

3
0
0

19
2

1

0
0
3

4
0
a

7

0
0

73
40
3

12
41
34
50

0 89
2 97
0 99

14 83
0 100
1 99

5 69
6 91
5 92

2 94
1 .99

6 88

6 90
0
9

93
79

12 SO
0 100
0 0

5 18
20 33
17 80

24 65
15 41
17 40
16 26



TOTAL
ENGINEERS EMPLOYEES

AEROSPACE 184
CHEMICAL 258
CIVIL 871

ELECTRICAL 919
ELECTRONIC 1299
GEOLOGICAL 64

INDUSTRIAL 330
MECHANICAL 1008
MATALLURGIC 86

MINING 118
NUCLEAR 3

ASSC.ENGINEERS

iCHEMICAL 21
CIVIL 411
ELECTRICAL 235

MECHANICAL
MINING
CONSTRUCTION

TECHNICIANS

AERONAUTICAL
CHEMICAL
CIVIL

DATA PROCESS
DRAFTING
ELECTRICAL

ELECTRONICS
GEOLOGICAL
INDUSTRIAL

MECHANICAL
METALLURGIC
NUCLEAR

231
4

302

372
151

1255

361
513
339

1271
25
243

514
41
0

SKILLED CRAFTSMEN

EXP. MACHINE 439
INSTRU MAKER 70
INSTRU MAN 140

LAY OUT MAN 199
MACH. SET UP 758
MACH. REPAIR 320
TOOL AND DIE 234

11 89 0 13 80
4 57 39. 0 27 73

6 25 69 0 le 112
1 7 90 0 19 76
4 34 62 4 9 79
0 14 OS 0 12.62

LAY OUT MAN
MACH. SET UP
MACH. REPAIR
TOOL AND DIE

EXP. MACHINE 439
INSTRU MAKER 70
INSTRU MAN 140

199
758
320
234

35

TABLE 11 CONTINUED
TECHNICAL SKILLS REQUIRED AND

(RESPONSES IN PERCENTAGES)

SURVEYING
EMPLOYER EMPLOYEE
RESPONSE RESPONSE

M M N 1st M N
A / 0 A 1 0

81 g 8

16 0 1 96 0
89 1 24 75 2

445 6627 6 7

185 2 29 69 2

465 0 7 93 0
35 36 50 11 9

73 3 6 91 1

334 2 24 70 1

54 0 42'56 0

62 34 47 1 10
6 0 0100 0

9 0 0 76 22
168 83 8 5 18
91 0 57 41 7

29 0 3 96 0
6 25 0 0 50

89 21 57 20 1

425 0594 0
14 40 44 12 14
66 5 25 74 0

119 1 5 89 1

14 0 2 98 0
0 0 0 0 0

22 0 0100 0
15 3 3 94 0
30 29 1 69 20

17 2 6 88 0
27 0 0 98 0
47 0 1 99 0
34 0 7 92 0

USED

WRITING TECH REPORTS

EMPLOYER EMPLOYEE
RESPONSE 'RESPONSE

M M N M M NA 10 A I 0
g 1 g 1

0 100
5 89
26 65

5 93
3 97
46 46

10 89
5 93
0 100

15 73
0100

33 44
32 49
23 69

10 90
17 33
33 66

95 1

82 18
64 34

42 55
81 18
72 28

72 18
74 22
77 20

56 25
100 0

67 10
17 73
3 91

83 10
25 0
22 39

0
0
2

3

1

0

10
2

0

0
0

i9 44 38

49 32
2!

21 47 33
5 46 29

57 17

lg44 47
33 67

0 11 33 56
6 9 33 58
3 a 35 56

6 24 24 52
0 0 33 67

31, 6 28 66

2 97 15 71 14 a 33
14* 64 16 48 .32 7 50
5 91 5 40 59 5 27

4 '93 40 31 27 20 le
0100 10 27 63 0 50
0 0 0 0 0 0 0

0 95
0 93
.0 so

6 94
7 69
0,91
3 91

58
36
64

61
50'
0'

0 41 59 0 5 91
0 11 89 0 13 80
4 57 39. 0 27 73

6 25 69 0 le 112
1 7 90 0 19 76
4 34 62 4 9 79
0 14 OS 0 12.62



TOTAL
ENGINEERS EMPLOYEES

AEROSPACE 184
CHEM I CAL 258
CIVIL 871

ELECTRICAL 919
ELECTRON IC 1299
GEOLOG I CAL 64

I NDUSTR I AL 330
MECHANICAL 1008
MAT ALLURGI C 86

.MINING 118
NUCLEAR 3

ASSC.ENGINEERS

C HE M I CAL.

CIVIL
ELECTRICAL

MECHAN I CAL
MINING
CONSTRUCT I ON

TECHNIC I ANS

AERONAUT I CAL
CHEMICAL
CIVIL

DATA PROCESS
DRAFTING
ELECTRICAL

21
411
235

2,31

4
302

372
151

1255

361
513
339

ELECTRONICS 1271
GEOLOGICAL 25
INDUSTRIAL 243

MECHAN I CAL 514
MET ALLURG I C 41
NUCLEAR 0

SK I LLED CRAFTSMEN

EXP. MACHINE
INSTRU MAKER
INSTRU MAN

LAY OUT MAN
MACH. SET UP
'MACH. REPAIR
TOOL AND DIE

439
70

140

199
758
320
234

56

TABLE 11 CONTINUED
TECHNICAL SKILLS REQUIRED AND USED

(RESPONSES IN PERCENTAGES)

SALES CONSULTING PR
EMPLOYER
RESPONSE

M M N
A X 0

g
R

OTHER

EMPLOYEE EMPLOYER EMPLOYEE
RESPONSE RESPONSE RESPONSE

M M N M MN M MN
A X 0 A I 0 A I 0

E 1 gg g gg
16 0 9 87 13 13 75 83
89 20 72 7 15 20 74 0

445 35 43 22 15 28 71 18

185 4. 37 58 15 25 63 7
465 48 39 13 8 18 75 4900
. 35 27 55 13 17 23 54 28

73 25 19 56 1

334 21 32 44 1111 2175 6398 2
54 26 35 35 6 17 78 0

62 30 21 31 3 15 76 0
6 100 0 0 17 33 57 0

9 29 19 29 33 22 56 0
168 5 80 12 7 19 79 7
91 1 79 17 3 26 68 6

29 3 9 87 7 28 69 2
6 0 25 0 17 17 67 0

89 46 16 30 29 30 66 10

58 4' 5 91 7 5 64 6
65 5 8 85 5 11 75

436 2 65 32 2 11 78 1

142 3 5 80 1 5 82 0
171 3 38 56 1 12 76 1

68 15 9 71 6 18 66

425 1 7 91 2 6 82
14 40 8 48 21 14 57 32
66 3 22 79 0 I s 79 1

119' 11 10 74 7 7 79 6
14 0 22 78 36 0 71 0
0 0 0 0 0 0 0 0

22 0 1 99 0 0 82 5
15 3 4 93 0 13 73 3
30 5 4 91 0 7 83 0

17 9 16 76 0 12 71 11
27 1 4 93 4 15 74 0
47 6 8 86 0 0 68 24
34 0 2 97 0 3 50 10

0 3

0 1

2 1

0 1

0 0

1 2

1 . 0

0 1

0 2

0 0

0 0
0 4
0 1

0 1
0 0
2 3

0 8
7013

1 2

0 3

10 42400
2010

0' 0
0 5

0 3
0 0
0 0

0 2

0 61
1 4

0 14
0 5
0 5
0 15

6 19 75
18 7 64
19 8 56

20 15 59
18 6 75
37 9 60

56 5 74
23 8 62
13 9 78

18 6 79
17 17 50

33 11 44 :

17 4 74
22 9 69,

21 10 66:
17 17 67
27 7 40

24 3 81
20 3 83,
17 6 85

7 7 89,
12 11 88
24 7 74

10 7 91 '

21 14 57
12 5 88 '

13 6 85
14 14 64
0 0 0

9 5 95
20 0 80
7 10 93

24 .6 86
22 0 7*
19 4 91
38 6 91
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FIGURE 3
PERCENTAGES OF TOTAL RESPONSE BY EMPLOYERS AND IMPLOYEES

IDENTIFYING SKILLED ACTIVITIES WITH OCCUPATIONS
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FIGURE4
PERCENTAGES OF TOTAL RESPONSE BY EMPLOYERS AND EMPLOYEES

IDENTIFYING SKILLED ACTIVITIES WITH OCCUPATIONS

ASSOC. ENG. 1 TECHNICIANS

COMPUTER PROGRAMMiNG

ISEILLED CRAFTSMEN I

MO
-10 mg.

2 3 4 5 6 7 8 9 1 11 12 13 14 15

Employers
Employees

16 17 18 19 20 21 22 23 24 25 26

SETTING UP AND MAINTAINING ELECTRONIC EQUIPMENT

27 28 29 30 31 32 33

. .

2 3 4 5 6 7 8 9 10

Employers
Employees

11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27'28 29 30 31 32 33

SETTING UP AND MAINTAINING AUTOMATED PR DUCTION EQUIPMENT

.

...D., , ..... a*ft....a ft.

I

0

'
.

.....""

.

.

.

.0.....

I

.

11 ===== aft.. at

A

000

80

0

100

00''

3

aft dap ow

5 6 7 8

Employers
--- Employee's

9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26127 28 29 30 31 32 33

2 3 4 5 6 7 9

Employers
- Employees

SETTING UP AND MAINTAINING PRECISION MACHINERY

r

5' /'
S.

%

/\

10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33

SURVEYING



ENGINEERS

60

FIGURE 5
PERCENTAGES OF TOTAL RESPONSE BY EMPLOYERS AND EMPLOYEES

IDENTIFYING SKILLED ACTIVITIES WITH OCCUPATIONS
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into most of the work that technicians and craftsmen do, but technicians and
craftsmen are more confined to their specific fields.

In this connection most of the graphs indicate a break in ...he pattern
between engineers and associate engineers rather than between associate engineers
and technicians. The associate engineer seems to be more oftwi identified with
technology than with engineering.

In some activities, like computer programming and setting up and maintaining
automated equipment, neither employers nor employees indicate the extent of impor-
tance which might have been expected. It cannot be assumed, however, that training
in these activities is unimportant. The response reflects the relatively recent
emergence of these activities. Their future importance cannot be measured by the
exp'erience found in industry today.

The last skilled activity graph, which is a catchall, is the only one with
consistently higher responses by employees than by employers. It represents
additional activities not listed in the questionnaires. Those that were listed
apparently cover most of what employers consider necessary, but about one-third
to one-half of the engineers and one-fourth of the technicians and craftsmen
are doing other things as well. The one activity omitted from the list which
was mentioned most frequently in engineering and technology was "paper work."

In the skilled crafts it was operating machines. "Operating" had been left
out of the questionnaire.

It is apparent from Table 11 and the series of graphs showing technical
.skills required and used that engineers as a group perform all of the activities
listed, while separate questionnaires show that as individuals they work within
narrow ranges of specialized activity. To a considerable extent the same is
true of technicians, and to some extent even of skilled craftsmen. The graphs
further show that these narrow ranges of specialized activity cut right across
existing recognized fields. For example, instrumentation is not identified as
part of the job by 78% to 95% of all engineers, but there are some engineers in
seven different fields who listed instrumentation as a major activity. Computer
programming is another example: Engineers who reported no time at all spent in
computer programming ranged from 747 in electronics to 94% in geological and
metallurgical engineering. Yet some engineers in six different fields -- chem-
idal, civil, electrical, electronics, mechanical, and mining -- reported it as
a major activity. Nearly 107, or more of the engineers in all fields reported
enough time spent in computer programming for this to be a necessary part of
their job. These examples are repeated with varying percentages for each acti-
vity on the list.

" 'Courses Required: The need for twenty-eight educational courses was
-mdVsured in the survey by asking both employers and employees if a general
knowledge or advanced knowledge or no knowledge at all was necessary. The
percentages of responses are given under each subject in Table 12. Negative
responses are not shown, but they were usually given and the percentages of
negative responses nearly equal the difference between 100% and the figures
in the table. Thus, when 207, of the civil technicians say they need at least
a general knowledge of calculus, 807 have said no knowledge is necessary.

-. The combined percentages of general and advanced knowledge in each case
indicates the extent to which the subject has some direct application to the
job'. The percentages of those who report a need for advanced knowledge is an
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TABLE 12
EDUCATIONAL COURSE REQUIRED FOR EACH OCCUPATION

(RESPONSES IN PERCENTAGES)

A General knowledge recoMmended by employers
B Advanced knowledge recommended by employers
C General knowledge recommended by employees
D Advanced knowledge recommended by employees

TOTAL
ENGINEERS EMPLOYEES

AEROSPACE 184
CHEMICAL 258
CIVIL 871

ELECTRICAL
ELECTRONIC
GEOLOGICAL

919
1299
64

INDUSTRIAL 330
MECHANICAL 1008
METALLURGIC 86

MINING
NUCLEAR

ASSC. ENGINEERS

118
3

CHEMICAL
CIVIL
ELE TRICAL

TECHNICIANS

AERONAUTICAL
CHEM/CAL
CIVIL

DATA PROCESS
DRAFTING
ELECTRICAL

MECAHANICAL 514
METALLURG/C 41
NUCLEAR

21
411
235

MECHANICAL 231
MINING 4
CONSTRUCTION 302

372
151

1255

361
513
339

ELECTRONICS 1271
GEOLOGICAL 25
INDUSTRIAL 243

SKILLED CRAFTSMEN

LAYOUT MAN
MACH. SET UP
MACH. REPA/R
TOOL AND DIE

EXP. MACHINE 439
INSTR MAKER 70
INSTRU MAN 140

199
758
320
234

ALGEBRA
A B C

GUM= WINNOW=D ABCDABCD
19
25
43

16 97 1 83
89 78 22 54

445 63 36 59

185 63 37
465 26 74
35 58 33

73 69 31
334 82 17
54 66 31

53
48
71

64
69
74

31 97 1 75 19 93 1 81
36 82 17 52 26 76 21 48
37 63 36 58 38 64 35 53

44
47
23

23
27
22

63 37
92 8
58 33

75
86
72

25
13
26

62 47 32 60 29 47 34
6 200 0 17 83 100 0

61 30
58 31
71 26

64 15
67 26
63 22

63 37
79 21
58 33

54 44
84 15
66 31

53 32 47 32
33 67 100 0

57
54
57

59
67
61

52
17

9 29 38 78 11 38 19 67 0 38 19 33
168 85 10 62 31 86 10 59 32 85 10 54
91 40 60 73 9 24 59 66 5 82 3 52

29 94 5 62 14 61 5 55 14 94 4 45
6 0 25 50 33 0 25 17 67 0 25 33

89 73 13 56 15 66 15 53'13 67 7 38

58 28 38 41 10 27 38 41 5 21 32 22
65 89 5 63 15 52 3 42 8 51 2 31

436 87 2' 72 17 87 3 60 20 94 3 52

142 80 17 56 19 78 14 36 13 79 14 35
171 79 10 70 20 82 10 68 22 85 11 63
68 39 35 68 10 35 28 57 7 40 19 37

425 42 55 65 27 78 13 58 10 82 10
14 72 0 64 21 96 0 71 14 72 0 6: 1:

66 91 0 68 15 67 0 56 11 83 2 42

119 76 1 64 7 78 1 58 3 65 1 48
14 15 5 64 14 15 2 57 7 15 5 36
0 0 0 0 0 0 0 0 0 0 0 0

22 83 5 50 0 88 4 64 0 79 14 73
15 87 4 67 7 94 4 73 13 93 4 87
30 66 29 77 10 66 14 53 7 60 16 43

17 71 21 41 12 56 15 29 12 49 18 24
27 68 1 59 15 73 1 48 7 71 1 52
47 75 2 49 11 77 2 53 4 63 2 40
34 59 23 53 18 60 21 56 24 72 17 39

39
38
37

18
28
20

39
83

11
39
11

21
50
10

5

8
27

13
23
10

amass
A IS D

91 1 56 19
36 59 30 27
59 24 47 16

62 37
10 74
84 14

44 42
64 22
62 30

62 18
100 0

47 34
38 45
43 11

33 12
50 15
41 28

48 8
0 83

19 19 33 0
80 27 5

49 2 16 11

50 3 21 10
0 0 17 0

21 1 18 2

52 0 10 3

2 0 15 5

9 0 17 3

11 15 20 11
15 5 24 5

30 4 12 4

16 13 33 6
36 7

19 0 20 8

6 0 17 3
5 2 14 7
0 0 0 0

1 1 18 0
4 3 7 7

11 11 10 10

7 3 6 0
1 0 15 19

19 0 13 0
8 0 15 3

40 0
11

1

7
0

0
7

10

6
19
6

35.
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TABLE 12 CONTINUED
EDUCATIONAL COURSE REQUIRED FOR EACH OCCUPATION

(RESPONSES IN PERCENTAGES)

A General knawledge recommended by employers

B Advanced knowledge recommended by employers

C General knowledge.recommended by employees

D Advanced knowledge recommended by employees

TOTAL
ENGINEERS EMPLOYEES

AEROSPACE 184 . 16
CHEM /CAL -258 89
CIVIL an. 445

ELECT R I CAL 919 185.

ELECTRONIC 1299 465
GEOLOG I CAL 64 35

,

INDUSTRIAL 3,30 73
MECHAN I CAL 1008 334
METALLURGI C 86 54

MINING 118 62
NU.CLE:A 3 6

4ssc... ENGINEERS'

CHEMICAL 21 9

CIVIL 411 168
ELE TR ICAL 235 91

MECHAN I CAL 231 29
MiNING 4 6

CONSTRUCT/ ON 302 89

TECHNICIANS

AERONAUT !CAL 372 58
CHEMI CAL 151 65
CIV IL. 1255 436-

DATA .PROCESS 361 142
DRAFT I NG 513 171
ELECTR I CAL . 339 68

ELECTRONI CS, 1271 425
GEOLOG I CAL 25 14
INDUSTR I AL 241- 66

4ECARANICAL 514' 119
MET ALLURGI C 41 14
NUCLEAR 0 0

SK LLED CRAFTSMEN

EXP MACH! NE 439 22
I NSTR MAKER 70 15

I NSTRU MAN 140 30
:

LAYOUT MAN :
MACH. SET UP
MACH w: REP); If,1

TOOL AND: DIE

199 1.7

758 27
320 47
234 34

DIFF EWAAB CD PHYSICSAB CD CHERSTRY
A C D A

0110LOW

2 88 31 19 95 1 81 13 87 0 3 / 31 1 0 0 0

25 61 27 21 24 72 45 37 9 88 40 51 21 0 24 4

19 26 9 67 27 69 17 71 9 55 9 77 4 66

61 37 35 28 64 35 65 26 46 3 54 8 3 0 16 1

19 63 38 36 67 33 59 34 74 11 59 7 8 0 6 1

36 8 23 3 47 52 69 23 58 42 69 26 23 77 17 74

31 38 .21 3.0 72 23 62 11 72 17 60 7 10 0 11 0

32 50 36 8 82 16 69 23 87 6 69 8 10 1 9 3.

59 27 31 17 57 41 52 46 29 69 31 67 53 2 56 15

58 17 26 6 42 40 61 16 53 26 63 15 11 51 1t# 56

100 0 0 83 0100 0100 100 0 17 83 0 0 1? 0

29 0 11 11 48 19 78 11 29 48 56 22 19 0 44 0

10 4 24 2 82 6 56 5 77 5 49 2 80 1 58 1

68 2 19 5 79 3 46 8 9 2 24 0 0 0 10 0

5 2 7 10 91 3 55 7 11 2 55 3 1 0 24 0

0 0 0 0 25 0 33 33 25 0 17 33 25 3 17 33.

12 1 18 2 47 7 39 6 32 2 26 3 37 2 25 6

5 32 12 3 30 32 36 16 54 0 26 9 6 0 0 0

1 0 22 2 64 22 57 14 30 60 49 42 2 0 26 5

5 1 15 2 74 0 29 2 69 0 22 1 67 0 11 2

1.1 15 17 le 82 1 34 8 1 0 16 1 0 0 5 0

7 1 16 3 23 0 47 4 8 0 26 2 6 0 13 3

27 0 24 3 33 27 50 9 30 4 38 3 1 0 10 0

. 14 , 8 29 5 82 8 62 10 57 1 3$ 4 3 0 3 0

0 0 7 7 72 0 71 7 96 0 57 7 28 44 57 /4

'% 9 0 20 5 54 10 39 15 24 11 52 9 4 1 $ 0

: 6 0 24 2 .68 7 50 9 13 12 40 5 2 0 8 0

2 0 7 0 51 5 57 14 49 5 43 21 10 0 36 7
, 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

4 1 32 0 14 0 27 0 4 0 9 0 0 0 5 0

4 3 13 0 20 0 53 7 11 0 13 7 6 0 7 0

17 1 23 3 61 1 51 10 19 0 43 3 9 0 10 0

7 3 18 0 30 2 41 0 16 3 le 0 4 2 0 0
1 0 22 11 19 0 26 0 2 1 15 0 '1 0 4

. 2 0 21 2 67 2 36 4 62 0 30 2 1 0 2 0
'20 0 26 3 28 0 50 0 13 0 21 3 4 0 9 0
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TABLE 12 CONTINUED
EDUCATIONAL COURSE REQUIRED FOR EACH OCCUPATION

. (RESPONSES /N PERCENTAGES)

A
B
C
D

TOTAL
E-NoINEER'S EMPLOYEES

General,knowledgerecommended by employers
Advanced knowledge recommended by employers
General knowledge recommended by employees
Advanced knowledge recommended by employees

APPLIED MET NON METALL HYDR PNEUMABCDABCDAB CDABMFG PROCESSCD
AEROSPACE 184 16 92 0 50 13 91 0 38 6 13 82 56 13 11 0 44 25
CHEMICAL 258 89 39 39 31 9 77 3 30 18 48 19 37 16 10 49 13

871. 445 27 2 23 2 47 4 38 6 58 13 47 23
,69

26 2 27 2

ELECTR I eAL 919 185 39 0' 24 5 36 0 34' 5 33 1 37 3 34 1 38 6

ELECTRONIC 1299 465 64 5 33 2 76 6 43 3 75 2 23 2 92 0 66 10
GEOL:QG I CAL 64 35 63 8 37 6 33 41 46 20 28 39 40 11 36 0 31 3

I NOUSTR I AL 330 73 62 5 42 18 45 3 55 22 40 21 49 8 32 60 38 58

MECHANICAL 1008 334 86 3 68 8 77 9 72 8 70 19 58 22 61 17 64 19

METALLURGIC ; 86 54 9 88 15 83 63 33 57 28 73 8 70 9 41 42 46 24

MINING 118 62 63 16 60 8 67 11 39 13 50 25 44 18 50 4 34 5

NUCLEAR 3 6 0 0 67 0 0 0 67 0 0 0 17 0 0 0 50 0

A-SSC..: ENG I OURS,

ctiE4CAL, ,- 21 9 48 0 0 0 57 0 11 0 29 0 22 0 57 10 33 0

CIVIL 411 168 3 0 6 0 6 0 24 3 17 3 32 8 5 0 15 1

ELE ARICAL s .235, 91 10 0 12 0 14 0 13 1 0 0 10 0 27 0 35 3

,

MEOIANICAL,:: 231 29 85 1 41 7 83 1 55 3 80 4 52 7 54 4 52 28

MINtNG 4 6 25 0 33 0 0 0 17 0 0 0 33 17 0 0 IT 17

CONSTRUCTION 302 89 11 1 19 1 35 2 30 9 44 4 31 3 23 4 38 6

TECHNICIANS,

AERdNAUT I CAL 372 58 7 38 36 10 35 6 40 9 61 38 41 40 38 0 40 7

CHEMICAL 151 65 38 3 38 11 26 4 45 3 24 0 17 3 26 3 31 5

CIVIL 1255 436 3 0 7 0 5 0 18 2 9 0 19 1 2 0 12 0

DATA, ,PROCESS 361 142 . 0 0 7 0 0 0 11 1 0 0 13 2 66 0 36 5

DRAFT ING 513 171 6 0 19 2 44 0 31 4 8 2 28 5 43 4 40 10

ELECTRICAL t 339 68 28 3 18 3 27 3 31 4 35 3 31 4 6 1 34 3

,
;

ELECTRONICS 1271 425 9 0 17 1 33 4 28 2 13 1 15 3 47 1 47 5

GEOLOGICAL 25 14 4 0 0 0 16 0 29 0 8 8 7 21 12 0 7 0

1:NDUSTRIAL 243 66 15 8 32 3 41 9 45 6 37 0 26 2 77 8 52 23

MECAHANICAL ,514 119 21 4 27 8 27 4 27 7 48 11 44 13 27 8 45 20

METALLURGIC 41 14 71 29 71 7 61 0 43 0 17 27 29 7 73 7 29 29

NUCLEAR 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

SKI LLED CRAFTSMEN

EXP. MACHINE 4397 22 20 0 55 0 9 0 50 0 48 0 27 0 64 9 68 5

INSTk'MAkER 70 15 81 6 67 7 74 6 67 7 14 0 20 '7 80 6 53 20

I,NSTRU MAN . 140- 30 2 0 23 3 26 0 23 3 49 16 50 20 36 4 37 0'

LAYOUT MAN 499 17 32 2 18 0 36 4 24 6 21 2 29 6 .62 18 71 12

MACH. SET UP 758 27 70 2 22 11 65 2 37 4 20 3 30- 4 84 7 52 15

MACH. REPAIR 320 47 20 6 36 2 52 6 40 4 49 32 53 9 45 26 45 6

TOOL AND DI E 234 34 56 2 62 6 40 2 56 6 47 1 41 3 44 24 53 24
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TABLE 12 CONTINUED
EDUCATIONAL COURSE REQUIRED FOR EACH OCCUPATION

(RESPONSES IN PERCENTAGES)

A General,knowledge recommended by employers
B Advanced knowledge recommended by employers
C General knoWledge recommended by employees
D Advanced knowledge recommended by employees

TOTAL
ENGINEERS EMPLOYEES

AEROsPACE 184 16
CHEM/CAL. 258 89
CIVIL 871 445

ELECTRICAL
ELECTROW
GEOLOGICAL

919
1299

64

INDUSTRIAL 330
MECHANICAL 1008
METALLURGIC 86

185
465
35

73
334
54

MINING 118 62.

NUCLEAR 3' 6

ASSC. ENGINEERS
.........

CHEMICAL 21'

CIVtL 411
ELE 1RICAL 235

MECHANICAL
MINING ,

CONSTRUCTION

TECHNICIANS

9
168
91

231 29
4. 6

302. 89

AERONAUTICAL 372 58
CHEMICAL 151 65
CIVIL = /255 446

142
171
68

DATA pROCESS 361
DRAFTING 513
ELECTRICAL 139

ELECTRONICS 1271
9EOLOGICAL. . 25
INDVSTRIAL 241

MECAHANICAL 514
METALLURGIC 41.

NUCLEAR; 0

SKILLED CRAFTSMEN'

gm, MAcHINE 439
iNSTR MAKER 70
tNStRU AAN- 140

LAYOUT MK: 199
MACH, SET jP 758
MACH: REPAIR :320
tOOL:AND.-DIE ,234

425
14
66

119
14
0

22
15
30

17
27
47
34

MACH TOOLSAB CDABmmnammyCDABCDMMMLECON INSTRCALIBAB CD
7 0 44 13 9 0 50 13 4 0 38 0 14 1 44 19

16 0 22 4 14 0 24 2 16 0 11 2 66 7 43 19

18 1 18 1 16 0 16 1 18 1 16 2 36 12 41 7

8 0 29 4 8 0 24 3 8 0 26 3 39 6 48 22

24 0 45 2 45 0 36 2 28 0 25 2 90 9 62 21

16 2 14 3 16 2 11 6 38 0 17 0 53 22 46 6

68 32 63 21 64 29 51 25 42 36 44 36 53 5 42 11

47 8 60 14 71 13 59 13 32 16 42 11 56 9 66 12

51 3 43 0 55 5 39 4 38 8 33 2 71 14 67 20

36 0 29 2 36 0 23 2. 61 1 31 5 62 6 42 6

0 0 33 0 0 0 17 0 0 0 17 0 100 0 50 33

10 10 11 0 10 0 11 0 10 0 11 0 *48 19 44 II

4 0 10 0 2 0 10 0 4 0 8 0 7 3 45 23

:24 0 23 0 23 0 20 I 16 0 15 1 89 3 34 12

13 3 62 21 45 2 55 21 52 3 34 21 44 2 45 21

0 0 17 0 0 0 17 0 0 0 17 0 0 0 0 33

38 4 42 3 20 1 37 2 18 2 26 7 31 9 19 4

53 33 50 19 22 32 47 16 12 32 24 5 55 32 48 26
31 0 14 6 8 0 14 3 3 0 12 2 70 4 46 15

3 2 .13 0 I 2 13 0 2 0 8 0 17 2 41 12

0 25 1 0 0 23 1 0 I 18 I 65 12 47 11

29
.1

1 43 8 44 1 39 8 41 1 29 4 15 0 30 6

35 6 50 6 21 6 41 6 3 3 19 '3 26 24 53 13

48 I .47 5 11 0 30 4 2 0 12 1 27 57 46 41

20 0 36' 0 8 0 29 0 8 0 0 0 64 0 71 7

73 2 50 8 69 4 50 3 25 3 24 5 46 14. 47 21

27 16 51 7.0 17 13 46 9 18 11 25 3 64 11 63 13

34 2' 36 0 44 2 36 7 2 2 21 14 12 27 36 7
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

54 45 50 41 45 53 50 41 20 36 50 5 51 2 16 21

86 14 40 53 89 11 33 60 83 II 20 20 84 14 40 40

31 2 47 13 31 0 37 13 2 .0 27 *3 28 64 4151

59 21 53 18 42 20 47 12 27 16 24 6, 36 13 47 12

86 13 59 15 75 18 .56 22 66 ./ 33 15 73 4 48 15

60 35 70 15 76 14 60 13 32 13, 34 9 62 19 47 17

47 SO '3856 44 50 44 50 41 24 44 18 .45 15 53 29
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TABU 12 COMM=
IDUCATIONAL COURSE RROMIXO FOR RACK OCCUPATION

(RISPONSIS IX PAROINTA018)

A General knowledge recommended by employers
Advanced knowledge recommended by employers
G4neral knowledge recommended by employees

D AdVanced knowledge recommended by employees

TOTAL
ENONEERS EMPLOYEES
WIIIPMMONM41111...

AEROSPACE 184
CHEMICAL 258
CIVIL 871

ELECTRICAL 919
ELECTRONIC 1299
GEOLOGICAL 64

INDUSTRIAL 330
MECHANICAL 1008
METALLURGIC 86

16
89

445

185
465
35

73
334
54

MINING 118 62
NUCLEAR 3 6

ASSC. ENGINEERS

CHEMICAL 21
CIVIL 411
EtE TRICAL 235

MECHANICAL 231
MINING 4
CONSTRUCTION 302

TECHNICIANS

372
151

1255

.............
AERONAUTICAL
CHEMLCAL
CIVIL

..

DATA.PR0:CESS 361
DRAFTING 513
ELWRICAL 339

ELECTRONICS 1271
GEOLOGICAL 25
INDUSTRIAL 243

MECAHANIdA4 514
METALLURGIC 41
NUCLEAR 0

SKILLED CRAFTSMEN
OWIWVOMINOOMMAINNOMNOWN11040

EXP.,MACHINE 439
INSTR MAKER 70
INSTRU MAN 140

.

LAYOUT MAN 199
MACH. SET UP 758
t4ACM. REPAIR 320.

TOOL AND DIE 234

4
168
91

29
6
84

58
65
436

142
171
68

425
14
66

119
14
0

22
15
30

17
27
47
34

11 0 50 13 1 0 19 6 10 82 38 13 3 82 44 6
81 5 44 13 45 4 15 2 33 7 22 13 22 3 21 7

42 2 35 5 11 2 8 1 44 3 35 5 30 2 29 3

9 90 2$ 63 10 33 30 17 62 5 42 15 9 5 39 12

8 OS 19 78 21 73 42 47 72 7 56 17 68 11 42 22

67 8 37 11 16 0 9 6 56 9 31 0 45 3 31 0

71 13 62 18 40 7 45 7 45 25 44 5 25 23 36 7

47 8 61 11 30 4 23 3 61 6 35 5 60 3 30 3

69 17 61 15 37 5 33 6 30 15 43 4 43 0 31 6

54 7 45 3 23 0 16 2 31 10 44 6 31 10 52 6

100 0 33 50 0 0 33 0 100 0 67 0 100 0 SO 0

29 0 22 0 19 0 11 0 19 0 11 0 19 0 11 0

9 0 14 1 1 0 2 0 10 0 17 1 7 0 11 1

37 63 38 47 74 3 32 14 67 0 37 9 '80 0 25 4

41 0 59 17 4 0 24 7 4 0 28 7 3 0 34 7

0 0 33 0 0 0 17 0 0 0 0 0 0 0 0 0

41 1 35 8 4 0 6 1 22 6 13 0 8 1 8 0

56 38 50 26 42 0 26 16 5 0 10 3 5 0 10 2

36 0 31 8 3 0 9 2 .1 0 6 2 16 0 5 3

7 2 9 0 1 0 3 0 4 0 10 3 3 0 10 1

19 67 29 42 19 66 37 15 7 89 49 47 12 88 36 56

30 1 41 12 10 1 20 7 3 0 10 2 3 0 10 2

42 55 44 49 31 19 38 13 32 0 24 3 19 0 13 4

32 68 23 73 20 56 42 36 54 1 29 5 50 6 35 9

48 0 36 0 0 0 14 0 0 40 36 0 16 0 36 0

30 19 45 30 19 1 35 8 5 6 21 0 18 3 20 0

64 7 58 8 19 1 18 6 3 25 1C 0 3 26 10 1

44 27 14 0 0 27 7 0 0 0 21 7 0 0 14 7

0 0 0 0 0 0 0 0 0 0 0 0 0 0 '0 0

39 0 5 0 1 0 0' 0 1 0 5 0 1 0 5 0

17 0 33 13 9 0 27 T 4 0 7 0 4 0 7 0

36 39 43 43 19 31 43 20 21 0 20 7 21 0 20 7

16 2 18 12 2 2 12 6 8 2 12 0 3 2 0 0

9 1 19 4 6 0 11 4 0 0 4 19 0 0 15 7

69 14 .23 21 27 1 26 13 1 0 17 0 1 0 19 0

28 0 29 3 11 0 12 0 4 0 3 6 4 0 6 9
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TABLE 12 CONTINUED
EDUCATIONAL COURSE REQUIRED FOR EACH OCCUPATION

(RESPONSES IN PERCENTAGES)

A General knowledge recommended by employers

B Advanoed knowledge recommended by employers

C General knowledge recommended by employees

D Advanced knowledge recommended by employees

TOTAL
ENGINEERS EMPLOYEES

AEROSPACE
CHEMICAL
CIVIL

ELECTRICAL
ELECTRONIC
GEOLOGICAL

INDUSTRIAL
MECHANICAL
METALLURGIC

184
258
871

919
1299

64

330
1008

86

MINING 118
NUCLEAR 3

ASSC. ENGINEERS

CHEMICAL 21

CIVIL 411
ELE TRICAL 235

MECHANICAL 231
MINING 4

CONSTRUCTION 302

TECHNICIANS

AERONAUTICAL 372
CHEMICAL 151
CIVIL 1255

DATA PROCESS 361
DRAFTING 513
ELECTRICAL 339

ELECTRONICS 1271
GEOLOGICAL 25

INDUSTRIAL 243

MECAHANICAL 514
41.METALLURGIC

NUCLEAR 0

SKILLED CRAFTSMEN

EXP. MACHINE 439
INSTR MAKER 70
INSTRU MAN 140

LAYOUT MAN 199
MACH. SET UP 758
MACH. REPAIR 320
TOOL AND DIE 234

DRAFTINGAB CD mammasABCD WRITIMGABCD
16 94 5 38 19 1 0 13 0 93 3 50 36

89 37 0 62 7 6 0 17 0 69 31 54 40

445 68 31 57 36 13 1 11 1 75 24 59 36

185 39 3 59 18 6 0 22 1 46 5 62 35

465 49 1 70 7 22 0 26 2 39 61 65 31

35 56 30 71 29 9 0 14 0 39 61 37 63

73 56 5 58 15 13 4 26 3 50 50 64 32

334 80 13 68 21 19 0 13 1 84 15 68 29

54 90 6 70 9 28 0 19 2 63 35 52 44

62 47 33 60 27 14 0 16 3 23 58 55 35

6 100 0 50 0 0 0 17 0 100 0 67 33

9 57 0 22 11 0 0 0 0 38 38 33 56

168 82 11 51 33 4 0 5 1 86 7 68 17

91 93 2 78 11 58 0 11 3 82 3 68 23

29 92 4 59 31 5 0 14 3 61 5 45 34

6 0 25 50 33 0 0 0 0 0 25 67 33

89 62 20 64 24 3 0 6 0 59 21 60 20

58 64 0 47 17 $ 0 5 0 86 0 52 10

65 23 4 25 5 16 0 5 0 79 7 58 9

436 83 12 54 24 2 0 4 1 89 2 60 12

142 65 0 28 1 2 80 42 9 99 0 61 10

171 23 75 21 76 33 2 7 1 83 6 65 13

68 58 9 53 12 19 0 6 1 58 5 65 6

425 73 4 53 4 14 0 13 1 86 3 62 14

14 68 0 64 0 40 0 7 0 72 16 64 21

66 52 6 55 8 1 0 9 0 75 15 61 18

119 76 7 45 13 3 0 8 0 72 13 54 14

14 59 29 21 21 0 0 7 7 56 7 50 29

0 0 0 0 0 0 0 0 0 0 0 0 0

;2 81 2 59 9 1 0 0 0 54 0 23 5

15 94 4 73 7 6 0 0 0 24 0 33 7

30 46 21 40 7 3 0 10 7 76 3 60 0

17 74 9 53 6 3 2 0 0 36 10 53 0

27 71 6 44 7 0 0 11 4 24 1 33 7

47 78 2 45 11 1 0 11 0 60 0 32 4

34 64 13 47 38 4 0 9 3 46 0 41 0

8,11
Itpunmc

CD
12 3 56 36
69 30 54 40
73 25 57 36

47 4 61 35
78 20 63 31
47 53 46 54

47 37 56 38

54 14 65 30
62 29 61 35

23 58 50 35
100 0 33 67

10 38 44 33
83 9 64 21

79 3 63 24

17 6 45 38
0 25 50 50

73 21 ,61 22

86 0 52 17
83 7 54 12
91 1 64 13

99 1 61 19

84 6 63 16
79 7 66 12

90 3 65 18
84 8 64 29
81 10 56 24

47 11 59 14
88 7 29 50
0 0 0 0

54 0 27 5

90 0 53 7

75 3 60 3

39 10 59 0

24 9 41 7

80 0 36 9
47 13 47 6
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TABLE 12 CONTINUED
EDUCATIONAL COURSE REQUIRED FOR EACH OCCUPATION

(RESPONSES IN PERCENTAGES)

A General knowledge recommended by employers
B Advanced knowledge recommended by employers
C General knowledge recommended by employees
D Advanced lmowledge recommended by employees

TOTAL
EMPLOYEES gnu:ENG BUS AD SOC STUDIES HUMANITIESAB CD AB ODA)

AEROSPACE 184 16 12 3 63 31 88 0 44 13
CHEMICAL 258 $9 67 30 53 39 90 5 53 9
CIVIL 871 445 77 22 61 33 59 11 63 13

ELECTRICAL 919 185 49 3 61 36 42 1 65 10
ELECTRONIC 1299 465 79 20 64 30 95 1 59 8

GEOLOGICAL 64 35 55 45 51 49 47 25 63 11

I NOUSTR I AL 330 73 46 46 56 42 el 14 66 16
MECHANICAL 1008 334 56 13 64 29 52 33 56 9
METALLURGIC 86 54 65 26 61 33 5$ 17 52 11

MINING 118 62 45 36 55 29 61 14 50 13
NUCLEAR 3 6 100 0 17 83 100 0 50 0

ASSC ENGINEERS
11111111114110 IM

CHEMICAL 21 9 19 29 44 44 0 10 22 33
CIVIL 411 168 83 9 64 18 83 2 51 3

ELE TRICAL 235 91 94 3 66 21 64 0 49 12

MECHAN I CAL 231 29 174 4 41 41 13 1 34 24
MINING 4 6 0 25 50 50 0 25 50 0
CONSTRUCT I ON 302 89 67 26 60 30 65 13 46 21

TECHNICIANS
.....!IMPOINOMMIMM

AERONAUT I CAL 372 58 65 0 43 21 46 0 29 2

CHEMICAL 151 65 74 1 60 11 40 0 29 3

CIVIL 1255 436 91 1 . 61 14 63 0 26 5

DATA PROCESS 361 142 99 0 66 14 27 1 34 7

DRAFT I NG 513 171 86 6 57 15 41 0 22 3

ELECTRICAL 339 68 64 3 62 16 25 0 35 4

ELECTRONICS 1271 425 89 3 66 16 57 0 28 2

GEOLOGICAL 25 14 84 8 50 29 20 0 43 0
I NDUSTR I AL 243 66 89 10 65 18 11 0 35 8

MECAHANICAL 514 119 42 6 65 11 16 2 23 3

METALLURGIC 41 14 59 7 36 43 54 7 21 29
NUCLEAR 0 0 0 0 0 0 0 0 0 0

SKI LLED CRAFTSMEN
OD

Ex? MACH I NE 439 22 57 1 32 9 6 0 5 0
INSTR MAKER 70 15 89 1 47 7 9 0 0 13
INSTRU MAN 140 30 77 3 63 7 20 1 23 0

LAYOUT MAN 199 17 42 11 65 0 23 2 24 0
MACH. SET UP 758 27 25 9 48 7 7 0 22 0
MACH. REPAIR 320 47 62 0 49 9 12 0 15 2

TOOL AND DIE 234 34 38 14 56 9 13 0 9 0

90
28
48

37
52
69

111*,
35
73

64
100

29
8
4

8

0
38

40
17
10

1

39
22

57
12
35

13
27
0

3

9
19

18
6

11
8

CDAB CD
0 31 6 8 0 31 6
0 40 6 26 0 34 2
1 45 3 39 1 33 1

0 44 2 13 0 31 1

0 30 1 51 0 20 1

0 43 9 55 0 34 6

1 45 1 35 0 22 0
0 37 2 29 2 24 1

0 52 2 51 0 43 0

7 42 0 58 5 29 0
0 67 0 100- 0 50 0

0 44 11 29 0 44 0
0 28 1 8 0 18 0
1 24 3 2 1 14 2

1 38 3 5 0 31 0
25 17 17 0 0 0 17
3 34 3 36 0 21 2

0 16 2 39 0 10 0
0 14 3 5 0 12 2

0 16 2 8 0 10 1

0 20 0 1 0 11 1

0 13 1 37 0 16 1

0 25 0 22 0 13 0

0 21 0 55 0 12 0
0 36 0 12 0 7 0
3 33 3 11 0 26 0

2 16 3 11 0 9 2
10 43 7 27 10 36 7
0 0 0 0 0 0 0

0 0 0 k 0 0 0
0 7 7 0 7 7
0 17 0 9 0 17 0

0 6 0 11 0 0 0
0 22 0 6 0 26 0
0 9 0 28 0 4 0
0 9 0 7 0 6 0
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indication of specialization. Drafting, for example, is needed by a substantial

majority of almost all personnel, but the only occupational group in which more

than a third of them require advanced knowledge -- from both the employer and

employee point of view -- are drafting technicians. Similarly, instrument calibra-

tion and measurements is needed by a majority of persons in nearly all engineering,

technical, and skilled occupations; but only in one -- that of the instrumentman --

do a majority require advanced knowledge in the opinion of ethployers and employees

alike. No attempt was made in the survey to define "general" and "advanced," and

in some respects they mean different things in engineering than in the supporting

occupations. The results of the survey strongly suggest, however, that it is

necessary for most engineering and related personnel to have a general knowledge

of a wide range of subjects, but it is not necessary for most of them to have an

advanced knowledge of more than a very few.

Responses of employers and employees show an apparently higher correlation

in required subjects than in activities performed in each occupation, both in

the general and advanced ranking of the subjects. Uhen the responses are approxi-

mately the same, a fairly reliable judgment has been made of the importance of

each subject in preparing for any of these occupations. If 50% -- or perhaps

even less in some cases -- of the men on the job and their employers consider at

least a general knowledge of a subject necessary, it may be assumed anyone pre-

paring for the occupation would be seriously handicapped without that subject.

The subject matter data in Table 12 have been converted to graphs on

the following pages in the same way that skilled activities were shown. General

knowledge and advanced knowledge responses are combined in single lines indicating

the extent to which some preparation is considered necessary. Solid lines

(employer) represent percentages of employees whose egiployers feel that either

a general or advanced knowledge of the subject is necessary. Broken lines

(employee) represent percentages of employees who consider a general or advanced

knowledge of the subject necessary in the performance of their jobs.

Of five mathematics courses listed, algebra, geometry and trigonometry

show high levels of importance in virtually all occupations. A sharp drop occurs

in the importance of calculus and differential equations for associate engineers,

technicians and skilled craftsmen; although approximately one-fourth of employees

in almost all occupations consider some knowledge necessary. Also, in certain

fields of engineering, calculus is considered necessary by only about half of

the engineers and differential equations by a third. These are instances in

which opinions of employers and employees do not agree, possibly because the

work actually performed by many engineers does not involve higher mathematics.

On the other hand, their work may require engineering knowledge based on higher

mathematics.

In basic sciences, physics and chemistry are highly important in engineer-

ing and in certain technical occupations. There are substantial requirements

for these subjects, especially physics, in the skilled crafts also. Geology

varies sharply according to occupation. The same is true of most of the four-

teen engineering sciences or technical courses listed. It should be noted,

however, that most of these show significant levels of importance in some addi-

tional occupations with which they are not directly associated.

Six non-technical or general education courses were listed, three dealing

with communications. Consistently high levels of importance are attached to

reading writing, and speaking for all occupations. Even in the skilled crafts
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FIGURE 10
PERCENTAGES OF TOTAL RESPONSE BY EMPLOYERS Am nem=

IDENTIFYING COMES REQUIRED WITH OCCUPATIONS
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FIGURE 11
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the use of both written and oral language is considered a major requirement by
employers, and employees alike. Business courses are fairly high in importance
for engineers and to a considerable extent for technicians. Social studies and
humanities rank lowest, but careful attention should be 3iven to those occupations
in which one-fourth to one-half of employees and employers report the need for at
least a genersa knowledge.

Levels of Education: Employers were asked the level of education they
required and the level they preferred when employing personnel. Employees were
asked the highest level they had actually reached. Ten levels were identified:
less than high school; high school diploma or equivalent; vocational-technical
school; armed services school; more than one year of college without a degree;
associate degree; baccalaureate degree in engineering; non-engineering bacca-
laureate degree; masters degree; and doctorate. The responses are shown for
each occupation in Table 13. Under each level of education are the percentages
of employees whose employers require that level, the percentages whose employers
prefer that level, and the percentages of employees who have actually reached
that level.

pmployer requirements and preferences are considerably broader than might
be expected, especially for engineers. They vary from one field to another
depending on the kind of work required and the attitude of the individual employers.
The educational level of most employees is found between the minimum required and
the employer's preference. The Charts in Figure 12, page 81, show the percentages
for each educational level in the four basic classifications of employment used in
the survey. Employers of 66% of all engineers require a baccalaureate degree in
engineering, and 55% of the engineers have till, degree. An additional 10% have
non-engineering baccalaureate degrees. The preference for a master's degree is
30% and a doctor's degree 8%, with the number of engineers holding these degrees
representing 15% and 5% respectively.

These charts illustrate a close similarity in educational qualifications
for associate engineers and technicians. There is a slightly higher preference
for the baccalaureate in associate engineering, and a correspondingly higher per-
centage of associate engineers than technicians who have this degree. The major
pattern in both cases, however, is a minimum requirement of high school or voca-
tional-technical school, an associate degree preferred, and more than one yaar of
college with no degree the actual education of the men on the job.

The difference in educational qualifications between associate engineers
and technicians on the one hand and skilled craftsmen on the other is also
apparent. Except for a very small minority, the skilled occupations do not involve
college preparation. Host employers prefer vocational training either in school
or in the armed forces, and a substantial number of employees have this kind of
training.

Probably the most significant observation to be made from these data on
levels of education is in reference to the current controversy regarding a four-
year baccalaureate or five-year master's degree as the basic requirement in en-
gineering. If Arizona is representative, industry gives only minority support to
raising the present level. There are areas, however, in which a graduate degree
is preferred for more than half of the engineers. In aerospace, geological and
nuclear engineering it is preferred almost unanimously. Fewer engineers have grad-
uate degrees in any field than their employers would prefer, but actual percentages
in some fields are significant and are undoubtedly increasing. Figure 13,contains
a breakdown of the educational levels in engineering at the present time.
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TABLE 13
LEVELS OF EDUCATION REQUIRED, PREFERRED, AND ACHIEVED .

(Responsis in Percentases)

101%011E8

184 16

Ar

0 X

0
0

Chemical 258 $9
REQUIRED 0
PREFERRED 0
ACNIEVED 0

Civil 871 445

REWIRED 1

PREFERRED 0
ACHIEVED 0

Electrical 919 185
REQUIRED 0
PREFERRED 0
ACHIEVED 0

Electronic 1299 465
REQUIRED
-PREFERRED
ACH/EVED

Geological 64 35
REQUIRED
PREFERRED
ACHIEVED

Industrial 330 73
REQUIRED
PREFERRED
ACHIEVED

Mechanical 1008 334
REQUIRED
PREFERRED
ACHIEVED

Metallurgic 86: 54
REQUIRED
RREFERRED
ACHIEVED

Mining 118 62
REQUIRED
PREFERRED
ACHIEVED

'Nuclear

REQUIRED
PREFERRED
ACHIEVED

0
0
0

o
0
0

0
0
1

0
0
0

0
0
0

0
0
0

0 0
0 6 0

4 1 0

0 0 0
3 2 6

20 0 0
0 0 0

2 1 1

0 0 0

Q 0 0
3 1 0

3 16 0
0 0
1 2 1

0 Q 0
0 0 0
0 0 0

8 11 0
0 0 0
5 1 4

6 8 0
1 0 0
4 4 0

5 6 0
3 5 0
2 0 0

0 0 0
2 2 0
2 0 0

2 0
0 0
13 0

5, 5 ,82 0
4 0 9 84
19 6 25 31

51 "0 24 3 0 17

0 0 7. 16 44 2

7 3 10 22 24 21

9 0 62 1 1. 0

1 0 34 1 22 8

13.2 63 6 9 2

1_ 0 94 0 4' 0

0 0 2 0 28.5
6 0 60 7 15 8

.11 0 68 0 0 0

0 12 19 0 61 0

10 2 36 8 19 1

3 6 63 38 6

0 0 8 8 13 19.
3 0 43 23 29 3

29 0 32 2 9 0
1 0 39 18 6 9

18 7 41. 1551
1 5 72 0 2 2
6 0 14 1 50 3
10 2 58 6. 12 3

0 . 0 74 13 1. 0
3 3. 13 0 23 19
.6 0 57 6 11 15,

3 0 83 0 6 0
0 0 6 0 9 6

5 2 .66 16 5 3

o 0 -0 o o iso o o o
a o o o 0 o o 100 0
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. TABLE 13 CONTINUED
LEVELS 01, EDUCATION REQUIRED,

(Responses in Percentages

TOTAL'

Mica Mail IMOT

AND ACHIEVED

Chemical 21 0 I
REMIND
=ERR=
ACHIEVED

Civil
REQUIRED
PREPERRED
ACHIEVED

Electrical
REQUIRED
PREFERRED
ACHIEVED

Mechanical

REQUIRED
PREFERRED
ACHIEVED

Mining
REQUIRED
PREFERRED
ACHIEVED

Construction
REQUIRED
PREFERRED
ACHIEVED

TECHNICIANS

Aeronautical
REQUIRED
PREFERRED
ACHIEVED

Chemical
REQUIRED
PREFERRED
ACHIEVED

Civil
REQUIRED
PREFERRED
ACHIEVED

Data Process
REQUIRED
PREFERRED
ACHIEVED

0 24 29 0 0 0 29 0 0 0

0 0 0 0 24 0 0 4$ 29 0

0 0 11 11 33 0 0 33 11 0

411161
1 75 1 0 10 0 9 0 0 0

0 0 2 1 7 6$ 14 0 6 0

1 29 5 3 34 4 1$ 5 1 0

235 91
0 86 4 0 4 1 5 0 0 0

0 0 15 15 19 66 6 3 1 0

0 14 9 13 44 4 11 4 0 0

231 29
0 11 79 0 6 0 2 0 0 0

0 0 3 0 4 37 46 3 1 0

0 14 7 7 38 10 3 14 0 0

4 6
0 25 75 0 0 0 0 0 0 0

0 0 0 0 75 0 25 0 0 0

0 17 0 . 0 67 17 0 0 0 0

302 89
20 33 6 0 6 0 6 2 0 0

1 16 14 0 35 0 18 12 1 0

8 24 10 3 28 4 16 6 0 0

372 58
13 15 52 0 19 0 0 0 0 0

0 75 42 17 33 13 37 1 0 0

2 10 33 17 26 7 0 2 0 0

151 65
5 77 1 0 11 2 1 1 0 0

0 2 7 7 40 6 2 28 1 1

2 14 8 9 40 2 5 14 2 3

1255 436
6 87 2 0 2 0 0 0 0 0

0 1 5 0 17 64 5 0 0 0

3 35 7 5 36 4 3 8 0 0

361 142
3 27 66 64 3 1 1 2 0 0

0 0 6 1 9 67 1 13 1 0

0 13 10 15 30 14 1 11 4 1
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TABLE 13 CONTINUED
LEVELS OF EDUCATION REQUIRED, PREFERRED, AND ACHIEVED

(Responses in Percentages)

TOTAL
TECHNIC/ANS INNUMZES

(coned)

Drafting 513 171
REQUIRED
PREFERRED
ACHIEVED

Electrical 339 66

REQUIRED
PREFERRED
ACHIEVED

Electronics 1271 425
REQUIRED
PREFERRED
ACHIEVED

Geological 25 14
REQUIRED
PREFERRED
ACHIEVED

Industrial 243 66

REQUIRED
PREFERRED
ACHIEVED

Mechanical 514 119
REQUIRED
PREFERRED
ACHIEVED

Metallurgic 41 14
REQU/RED
PREFERRED
ACHIEVED

Nuclear 0 0
REQUIRED
PREFERRED
ACHIEVED

3 54 31 0 4 0

0 3 IS 2 33 40

1 19 11 3 4$ 9

6 59 13 0 5 0

0 12 19 14 1

3 25 24 10 26 7

2 39 46 2 6 0

1 3 15 14 21 46

0 9 19 19 36 8

0 68 0 0 40 0

0 0 4 0 16 0

0 7 0 0 43 21

6 82 11 8 9 0

0 0 55 0 37 14

3 21 11 12 36 8

35 48 5 0 2 0

0 13 25 10 26 31

3 21 14 14 30 7

34 37 0 0 2 0

0 59 29 0 7 12

0 14 0 7 50 14

0 0 0 0 0 0

0 0 0 0 0 0

0 0 0 0 0 0

0
1

6

0
13

3

1

3

1

0
0
0

2

0
6

1

2

2

0
20

0

0
0
0

0 0 0
2 0 0
4 0 0

0 0 0
0 0 0
1 0 0

0 0 0
0 0 0
4 1 1

0 0 0
64 0 0

21 7 0

0 0 0
0 0 0
3 0 0

0 0 0
0 2 0
4 1 3

0 0 0
0 0 0

7 0 7

0 0 0
0 0 0
0 0 0



SKILLED CRAFTS

Exp. Machine
REQUIRED
PREFERRED
ACHIEVED

Instr Maker
REQUIRED
PREFERRED
ACHIEVED

Instru Man
REQUIRED
PREFERRED
ACHIEVED

Layout Man
REQUIRED
PREFERRED
ACHIEVED

Mach. Set Up
REQUIRED
PREFERRED
ACHIEVED

Mach. Repair
REQUIRED
PREFERRED
ACHIEVED

Tool & Die
REQUIRED
PREFERRED
ACHIEVED
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TABLE 13 CONTINUED
LEVELS OF EDUCATION REQUIRED, PREFERRED, AND ACHIEVED

(Responses in Percentages)

TOM
EMPLOY

439 22

70

140

199

758

320

234

22 33 37 0 0 1 0 0 0
0 21 42 0 8 0 0 0 0 0
23 14 45 5 9 5 0 0 0 0

15
0 79 1 0 0 0 0 0 0 0

3 4 87 1 4 0 0 0 0 0
0 13 27 7 53 0 0 0 0 0

30
17 50 10 0 6 0 9 0 0 0
1 12 48 11 21 1 0 0 9 0
0 37 27 20 13 0 0 3 0 0

17
23 47 3 0 0 0 4 0 0 0
2 29 55 2 7 5 2 0 2 0
24 18 35 0 18 6 0 0 0 0

27
55 32 0 0 0 0 0 0 0 0
0 19 33 49 2 0 0 0 0 0
15 26 22 7 15 0 4 0 7 0

47
19 58 8 0 0 0 0 0 0 0
2 25 73 7 6 0 0 0 0 0
9 26 17 28 17 0 2 2 0 0

34
32 53 9 0 0 0 2 0 0 0
0 26 62 13 20 0 0 0 0 0
3 32 41 12 9 0 0 0 0 0
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FIGURE 12
EDUCATIONAL LEVELS OF INDUSTRIAL EMPLOYMENT
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FIGURE 13

ErUCATIONAL LEVELS IN ENGINEERING
(PERCENTAGES OF PERSONNEL)

Baccalaureate
Degree

,Required *

Present
Employees With

Baccalaureate
Degrae *

Graduate Degree
Preferred **

Present
Employees With

Graduate

Degree **

.10

Aerospace 92 81 93 56

Chemical 44 53 46 45

Civil 64 60 30 11

Electrical 98 90 33 23

Electronic 68 84 61 20

Geological 91 98 32 32

Industrial 43 62 15 6

Uechanical 76 79 53 15

Metallurgical 33 69 42 26

Uining 89 90 15 6

Nuclear 100 100 100 100

.1=MO

* Includes baccalaureate and graduate degrees. Remaining percentages are

less than baccalaureate.

** Includes master's and doctor's degrees. Remaining percentages are less

than master's.

The percentages of engineers are shown in each field whose employers require

a baccalaureate degree or higher, those who have a baccalaureate or higher

degree, the percentages whose employers prefer a master's or doctor's degree,
technical and industrial

and those who have these degrees. In two fields

the baccalaureate requirements and achievement are unusually low, indicating

that employers have included disproportionate numbers of personnel in these

fields who are in the lawer educational range. This is true of industrial

engineering altogether, resulting in even lower percentages preferring and

achieving graduate degrees. Some parts of industry, apparently do not

consider professional standards as important in these two fields, especially

industrial engineering, as in other fields.

1110
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High School Major and Academic Rank: An attempt was made to trace the

educational background of all personnel from high school through technical or

professional training. Each respondent was asked to identify his major course

of study in high school from a list of seven: general education; college pre-

paratory; vocational-technical; industrial arts; agriculture; business; and

other. The question might as well have been omitted. The number of high school

students taking any course other than general education or college preparatory

has always been quite small, and this is clearly the pattern that appears in

the survey. The percentages are found in Table 14.

The only other information sought concerning high school experience was aca-

demic rank. Employees were asked if they had been in the lower one-fourth, upper

three-fourths, upper one-half, upper one-fourth, or upper 10% of their classes.

The question could have been easily misunderstood, and persons answering it might

have been rather sensitive in regard to revealing their rank, even though their

identity would not have been known. Nevertheless, the responses were distributed

in such a way that some credence may be given to them. They are shown as a series

of bar charts in Figure 14. Very few persons in any occupation identified them-

selves as having been in the lowest quarter or even the bottom half of their

high school classes. More engineers were in the top 107 than in any other cate-

gory, and more associate engineers, technicians, and skilled craftsmen were in

the second quarter. Fairly sizeable numbers in all occupations were in the upper

quarter. Assuming the information given is rbilsonably reliable, none of the

engineering or supporting fields is well suited for poor students. While low

scholastic achievement in high school is not an absolute barrier to a career

in engineering, undoubtedly it is a severe handicap.

Technical Education: Teaching the skills and knowledge required by modern

industry is a responsibility shared by several institutions. Employers were

asked which of these should increase their responsibility, which should accept

less responsibility, and which should continue as they are. Employees were

asked where they had acquired most of their technical skills and knowledge. Table

15 contains'the percentages of employees whose employers feel more responsibility

should be assumed by any of seven institutions, and the percentages of employees

who received most of their technical education in any of six institutions.

Figure 15 shows industry's position on the need for strengthening the present

role of the schools, of labor unions, and of industry itself in preparing men for

industrial employment. The strongest opinions expressed advocated more help to

prepare skilled craftsmen, this to come both from high schools and vocational-

technical schools, and from on-the-job training by industry. The need for increas-

ing junior college responsibility in preparing associate engineers and technicians

was strongly recommended. Universities should increase efforts in associate

engineering, engineering, and graduate engineering. A substantial number of

employers feel that industry's own responsibility should be increased in all areas

of technical education. They also believe labor unions should inctease their

responsibility in training skilled craftsmen.

Surprisingly, more than half of the associate engineers and technicians em-

ployed today and three-fourths of the skilled craftsmen say they learned most of

their technical knowledge and skills on the job. More than a third of the engineers

say the same thing. Slightly more than half of the engineers learned most of what

they know in college, and roughly a third of the associate engineers acquired

their technical knowledge there. Technicians are about evenly divided between

vocational-technical schools, military service, and college. In other words,.the

major source of technical knowledge for those employed today in all occupations
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TABLE 14
EMPLOYEES' HIGH SCHOOL MAJOR AND ACADEMIC RANK

(RESPONSES IN PERCENTAGES)

GEN ED General Education
COLL PREP College Preparatory
VOC TECH Vocational
IND ARTS Industrial

AGRI Agriculture
BUS Business

TOTAL
ENGINEERS EMPLOYEES

or Technical
Arts

GEN COLL
ED PREP

VOC
TECH

IND
ARTS AGRI

LOW 1/4
UP 3/4
UP 1/2
UP 1/4
UP 1/10

BUS

Lowest Quarter
Third Quarter
Second Quarter
First Quarter
Upper Ten Percent

LOW UP UP UP
1/4 3/4 1/2 1/4

UP
1/10

AEROSPACE 16 6 87 6 0 0 0 0 12 6 *31 50
CHEMICAL 89 23 61 . 6 1 0 2 3 10 13 26 42
CIVIL 445 28 62 4 0 . 1 0 4 8 26 31 27

ELECTRICAL 185 26 63 5 1 0 0 3 27 22 38
ELECTRONIC 465 27 64 4 1 0 0 3 5 20 28 41
GEOLOGICAL 35 22 68 0 2 0 2 2 0 31 28 37

INDUSTRIAL 73 30 53 8 3, 1 1 1 9 34 28 26
MECHANICAL 334 21 60 8 1 1 0 4 8 24 27 33
METALLURGIC 54 18 68 11 0 0 1 3 1 20 24 48

MINI NG 62 30 62 0 1 1 1 4 4 22 30 33
NUCLEAR 6 0 83 0 0 0 0 0 0 .0 50 50

ASSC. ENGINEERf

CHEM/CAL 9 44 44 0 0 0 0 0 11 33 33 22
CIVIL 168 41 42 4 6 0 1 8 13 40 24 11
ELECTRICAL 91 25 51 13 1 1 5 4 13 32 23 25

MECHAN / CAL 29 33. 41 10 6 6 3 0 13 ' 34 37 6
M IN I NG 6 0 100 0 0 0 0 0 0 33 50 16

CONSTRUCT ION 89 41 30 10 3 1 5 4 19 33 21 15

TECHNIC I ANS

AERONAUT ICAL 58 34 29 17 1 3 5 3. 24 44 17 5
CHEMICAL 65 30 56 4 3 0 1 1 10 26 23 35
CIVIL 436 46 37. 4 3 1 .2 8 16 39 18 14

DATA P OCESS 142 38 45 7 0 2 4 2 10 41 23 ,20

DRAFT I NG 171 32 37 . 16 7 0 1 2 16 42 23 10
ELECTR I CAL 68 32 26. 17 5 2 5 11 13 33 25 8

ELECTRONICS 25 43: 36 13 1 1 3 7 14 38 22 15
GEOLOGICAL 14 21 64 7 0 7 0 7 7 50 28 7
NDUSTR I AL 66 43 25 13 6 3 1 4 12 43 19 13

MECHANICAL 119 42 23' 15 6 6 0 5 16 36 20 13
METALLURGIC 14 28 57 14 0 0 0 0 0 42 50 7
NUCLEAR 0 0 0 0 0 0 0 0 0 0 0 0

SKI LLED CRAFTSMEN

EXP MACHINE 22 54 9 18 4 0 0 9 27 13 27 13
I NSTR MAKER 15 26 33 . 20 13 6 0 6 40 13 33
I NST RU MAN 30 53. 16 10 0 13 3 10 23 40 16 3
LAYOUT MAN 17 35 11 23 0 5 11 11 11 47 17 0
MACH. SET UP 27 55 11 14 0 3 7 3 11 37 14 18
MACH REPAIR 47 42 17 14 4 4 4 8 10 53 8
TOOL AND DIE 34 38 29 17 5 0 0 2 II 52 23 8
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FIGURE 14
HIGH SCHOOL ACADEMIC RANK
(RESPONSES IN PERCENTAGES)
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TABLE 15

TECHNICAL EDUCATION: RESPONSIBILITY AND MAJOR SOURCES

(RESPONSES IN PERCENTAGES)

High Schools HS High School

Vocational-Technical Schools VT Vocational-Technical Schools

Junior Colleges COL College (all levels)

Universities MIL Armed Service Schools

Graduate Schools OJ On the Job

Industry (on-the-job) OTR Other Sources

Labor Unions

ENGINEERS

AEROSPACE
CHEMICAL
CIVIL

TOTAL
EMPLOYEES

184
258
871

ELECTRICAL 919
ELECTRONIC 1304
GEOLOGICAL 64

INDUSTRIAL 330
MECHANICAL 993
METALLURGIC 86

MINING 118
NUCLEAR 3

ASSCo ENGINEERS

CHEMICAL 21
CIVIL 411
ELE TRICAL 235

MECHANICAL 231
MINING 4
CONSTRUCTION 302

TECHNICIANS

AERONAUTICAL 372
CHEMICAL 151
CIVIL 1255

DATA PROCESS 361
DRAFTING 513
ELECTRICAL 339

ELECTRONICS 1268
GEOLOGICAL 25
INDUSTRIAL 253

MECAHANICAL 516
METALLURGIC 41
NUCLEAR 0

SKILLED CRAFTSMEN

EXP. MACHINE 439
INSTR MAKER 70
INSTRU MAN 140

LAYOUT MAN 200
MACH. SET UP 758
MACH. REPAIR 320
TOOL AND DIE 234

EXTENT INDUSTRY FEELS
RESPONSIBILITY FOR EDUCATION SOURCE EMPLOYEES ACQUIRED MOST

SHOULD BE INCREASED TECHNICAL SKILLS

HS VT JC UN GR OJ LU HS VT COL MIL OJ OTR

16 93 88 84 93 85 91 2 0 6 56 6 19 0
89 40 44 59 38 40 57 36 1 1 56 6 28 1

445 27 19 29 47 23 27 9 0 1 55 2 36 1

185 78 52 54 90 82 58 1 1 0 50 1 41 4

465 33 19 65 18 12 22 0 0 2 55 3 36 2

35 47 14 38 45 41 44 5 0 0 60 0 31 3

73 60 26 52 52 38 33 12 1 1 36 0 52 7

334 28 45 66 65 58 62 3 0 1 47 1 44 1

54 26 31 44 41 42 42 5 0 0 65 0 22 2

62 26 13 18 31 17 46 11 2 0 55 3 37 2
6 0 0 0 100 100 0 0 0 0 100 .0 0 0

9 29 38 67 57 10 48 0 0 0 33 11 56 0

168 11 18 85 17 10 14 6 4 4 24 0 65 1

91 89 68 76 69 7 9 3 1 4 8 2 75 2

29 58 60 60 55 49 58 9 0 7 21 7 52 7

6 0 0 0 0 0 0 0 0 0 50 0 50 0

89 62 54 44 40 15 47 38 1 1 8 1, 79 3

58 59 62 55 21 0 52 38 0 29 12 12 41 0

65 77 71 77 38 3 72 14 0 3 12 2 80 0
436 17 22 75 6 2 10 4 3 1 14 2 77 0

142 89 94 93 75 3 11 2 0 11 14 27 41 4
171 61 51 63 10 1 47 22 5 9 22 2 57 1

68 41 42 46 19 2 45 39 3 18 9 6 63 0

425 57 60 84 22 -J 53 11 1 20 8 24 37 4
14 48 48 56 16 8 16 0 0 0 36 7 50 7

66 61 59 56 9 7 82 49 2 3 6 9 74 2

119 44 57 39 14 7 28 24 3. 13 11 11 55 3

14 49 80 63 44 29 63 5 0 0 0 0 93 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0

22 85 91 48 6 5 73 43 0 5 5 0 32 5

15 91 24 84 16 10 93 9 0 7 0 0 87 0

30 64 70 60 9 4 56 40 0 20 3 17 50 0

17 77 84 58 14 12 61 46 0 29 6 0 59 0

27 91 89 25 3 2 83 20 0 15 7 4 70 0
47 81 87 57 4 1 74 69 0 4 6 13 72 0
34 78 78 52 24 17 70 56 0 6 0 6 79 6
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FIGURE 15

INCREASED EDUCATIONAL RESPONSIBILITY
RECOMMENDED BY INDUSTRY

ASSOCIATE SKILLED

ENGINEERS TECHNICIANS INDUSTRIAL CRAFTS

.ABCDEFG ABCDEFG

A - HIGH SCHOOLS
B - VOCATIONAL-TECHNICAL SCHOOLS
C - JUNIOR COLLEGES
D-- UNIVERSITIES

A BCD EF G A BCDEF G

I - GRADUATE SCHOOLS
F - ON-THE-JOB TRAINING
G - LABOR UNIONS

has been the job itself, surpassed only by college for engineers, and followed

by college, vocational-technical schools, and military service for technicians

and skilled craftsmen.

Non-Technical Education: Both employers and employees were asked if they

felt that non-technical or liberal arts courses contributed to a successful career.

Employers were asked if certain non-technical courses should be strengthened in the

degree programs. Their responses to these questions are shown in Table 16. Gen-

erally, employers expressed a little more interest in non-technical education than

did employees, but substantial numbers of both agreed that non-technical education

does contribute to career success. In engineering, associate engineering, and

technology one-half to three-fourths of the responses took this position. Even

in the skilled crafts a third or more of those employed and their employers feel

the same way.

Employers of engineers were overwhelming in their opinion that communications

should be strengthened in the degree programs. They were almost as much in agree-

ment about strengthening business courses. The same concern was expressed by

fewer employers of associate engineers and technicians, but here again the need

to strengthen these areas was clearly evident. A similar need to strengthen

social studies, humanities, and other non-technical courses was not revealed for

any of the engineering or technology degree programs.
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TABLE 16
IMPORTANCE OF GENERAL EDUCATION AND LIBERAL ARTS

(RESPONSES IN PERCENTAGES)

TOTAL
ENGINEERS EMPLOYEES

AEROSPACE 184
CHEM:CAL 258
CIVIL 871

ELECTRICAL 919
ELECTONIC 1304
GEOLOGICAL 64

INDUSTRIAL 330
MECHANICAL 993
METALLURGIC 86

MINING 118
NUCLEAR 3

ASSCGENGINEERS

CHEMICAL 21
CIVIL 411
ELECTRICAL 235

MECHANICAL 231
MINING 4
CONSTRUCTION 302.

TECHNICIANS

AERONAUTICAL 372
CHEMICAL 151
CIVIL 1255

DATA PROCESS 361
DRAFTING 513
ELECTRICAL 339

ELECTRONICS 1268
GEOLOGICAL 25
INDUSTRIAL 253

MECHANICAL 516
METALLURGIC 41
NUCLEAR 0

SKILLED CRAFTSMEN

EXP. MACHINE 439
INSTRU MAKER 70
INSTRU MAN 140

.
LAY OUT MAN 200
MACH. SET UP 756
MACH. REPAIR 320
TOOL AND DIE 234

CONIRIBUTES TO CAREER
EMPLOYER EMPLOYEE
RESPONSES RESPONSES

YES NO YES NO

A Communications D Humanities
B Business E Other
C Social Studies

COURSES WHICH SHOULD BE
STRENGTHENED IN DEGREE PROGRAMS

A B C

16 95 63 38 100 85 2

89 37 63 57 39 32 29 6

445 67 27 66 32 88 70 23

185 45 55 69 30 95 13 3

465 92 7 66 32 84 23 2

35 81 19 74 23 92 ,67 0

73 74 26 58 42 98 75 8

334 77 23 6632 87 67 5

54 79 17 70 28 93 59 21

62 76 5 71 27 92 75 17

6 100 0 83 17 100 100 100

9 76 0 67 33 76 38 19

168 25 73 46 51 17 10 2

91 89 10 53 46 65 64 1

29 52 43 55 41 84 48 3

6 0 0 67 33 0 0 0

89 61 38 55 36 30 33 15

58 61 13 28 66 17 3 2

65 56 24 42 55 40 9 3

436 32 67 38 57 5 4 4

142 92 8 40 58 89 90 64
171 89 10 43 54 9 5 1

68 38 62 41 54 24 15 14

425 67 28 40 58 14 6 2

14 8 88 64 36 48 8 0

66 77 16 '50 48 15 0 4

119 69 26 40 56 9 2 1

14 34 66 71 29 20 15 17

0 0 0 0 0 0 0 0

22 16 72 14 77 9 1 2

15 26 13 33 53 17 4 3

30 29 63 23 70 14 8 2

17 38 45 41 53 12 4 4

27 60 33 37 56 1 1 0

47 36 54 21 62 18 17 17

34 32 53 15.76 7 0 2

D E

2 0
7 2

13 7

2 1

3 6
0 0

10 0
7 5

14 0

15 2
0 0

19 10
2 2

A 2

3 1

0 0
10 0

2 0

0 0
1 0

0 0

1 0
7 0

1 0
0 0
0 0

1 0
17 0
0 0

1 0
3 0

2 C

2 0

0 0
17 0
0 0
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Employer Sponsored Education: The amount of education provided by industry
to engineering and related personnel is greater than may be realized. Employers

in the survey were asked several questions about the training they provide on
the job and the continuing education they make available to their employees in
college and high school classes. Their responses are shown in Table 17.

Figure 16 shows in graphic form the extent of such employer sponsored
education. The first graph represents employees who are given additional educa-
tion to keep up with new technical knowledge. The second graph represents educa-
tion for advancement to higher positions. The third graph represents education
to make up for previous deficiencies and simply to help employees acquire a broader
educational background. The fourth graph shows percentages of employees whose
expenses are paid if they take additional courses in school.

A repeating patt,2rn is evident, based on occupational variations rather
than level of employment, kinds of education or the purposes for which it is
provided. Technicians and skilled craftsmen are given just about the same oppor-
tunities for further education, and for the same reasons, as engineers. Policies

within an industry or a company often apply equally to all. And occupations in
which one kind of education is provided are likely to have other kinds of educa-
tional support also. This is illustrated by the similarity of both lines in the
first three graphs.

Employee Acquired Education: Employees were asked the kinds and purpose
of the additional education they have had in their present occupations. Their

responses, shown in Table 18, are.summarized her.e.

1. Those who have received on-the-job training: one-half
to three-fourths of all engineers, associate engineers,
technicians, and skilled craftsmen. Percentages of tech-
nicians are slightly higher than the others.

2. Those who have had courses in public or private schools
arranged and paid for by their employers: Less than one-
fourth. Percentages of engineers are slightly higher than
the others. Three occupations report none at all (aero-
space engineers, associate mining engineers, and lay-out men).

Those who have had courses of their own choosing in public
or private schools, but paid for by their employers: Percen-
tages vary from none to about one-third in most occupations.
Experimental machinists and lay-out men report none. Aero-
space engineers, associate civil enginaers, and civil techni-
cians report 5 - 6%. Occupations reporting more than one-
third are electrical, electronic, and mechanical engineers.

4. Those who have had courses in public or private schools
chosen and paid for without assistance from their employers:
One-third of the engineers, nearly half of the associate
engineers and technicians, and less than one-third of the
skilled craftsmen.

The purposes in acquiring additional education do not vary significantly
for different levels of employment, except that advancement to a higher position
is less important to skilled craftsmen than to technicians or engineers. Five
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TABLE 17
EDUCATION AND TRAINING PROVIDED BY EMPLOYERS

(RESPONSES IN PERCENTAGES)

A Given to all new employees H To make up deficiencies in previous

B Given to employees needing spacial training education

C To help employees advance to higher positions / To help keep up with changing skills

D Other remons and knowledge

E Could training be provided in schools? J To help prepare for more advanced

F Employers who subsidize additional education positions

in tchools X To, increase value to company with

G Employers who arrange special courses for broader education

employees in the schools L Other reasons

TOTAL
ENGINEERS EMPLOYEES
4111111140,OVIMIMP011b

ON-THE-JOB
TRAINING

KINDS OF
ADDITIONAL EDUCATION REASONS FOR

ADDITIONAL EDUCATION
K L

AEROSPACE 184 84 88 84 0 7 92 4 86 10 1 92 86 89 0

CHEMICAL 258 28 70 60 0 17 14 23 74 69 28 5 75 58 76 0

CIVIL 871 56 54 52 1 6 46 68 30 39 58 38 56 67 60 6

ELECTRICAL 919. 34 41 37 0 5 62 91 6 35 61 30 90 88 90 1

ELECTRONIC 1304 70 91 91 10 1 51 96 4 23 77 69 92 87 96

GEOLOG:CAL 64 55 52 16 0 13 77 38 63 25 75 31 44 47 50

INDUSTRIAL 330 51 72 58 1 12 44 72 28 40 60 51 68 71 56 6

MECHANICAL 993 69 72 68 11 38 35 85 15 60 39 34 81 73 82 0

METALLURAt' OL4 23 34 38 0 10 42 55 45 55 45 20 67 41 77 0

118 3u / 5 33 0 6 51 35 65 36 64 10 47 58 60 8

NUCLEAR 3 0 14r. A00 0 0 100 0 100 100 0 100 100 100 0 0

ASSC.ENGINEERS

CHEMICAL 21 67 100 100 0 67 90 10 57 43 71 81 90 90

CIVIL 411 27 21 22 2 6 18 '4 13 10 89 16 17 85 20

ELECTRICAL 235 72 93 83 0 7 68 89 10 82 17 80 87 83 91

MECHANICAL 231 51 89 84 0 55 6 87 13 84 16 86 89 90 92

MINING 4 0 75 75 0 0 0 75 0 75 75 75 75 75

CONSTRUCTION 302 51 36 47 4 14 49 34 65 27 71 19 24 21 43

TECHNICIANS

AERONAUTICAL 372 91 68 66 0 21 42 45 55 21 79 22 23 24 53 0

CHEMICAL 151 54 60 46 1 21 46 50 50 32 68 24 52 46 60

CIVIL 1255 33 34 32 0 18 10 82 18 73 27 22 24 81 27

DATA P:OCESS 361 84 94 94 12 4 5 89 11 81 19 70 83 83 72.

DRAFTING 513 74 61 58 1 21 37 65 35 14 84 55 54 61 64 1

ELECTRICAL 339 86 48 53 0 11 50 75 21 54 42 46 58 59 76

ELECTRONICS 1268 82 91 73 3 3 54 75 25 15 84 56 65 71 75 2

GEOLOGICAL 25 56 92 88 0 12 16 40 60 44 56 76 84 60 0

INDUSTRIAL 253 80 89 48 23 28 53 80 14 34 60 31 62 60 85 0

61ECHANICAL 516 66 78 70 2 45 16 64 33 48 48 57 53 63 64 0

mETALLuRGIC 41 39 51 73 15 10 5 29 71 41 59 27 32 32 63 2

NUCLEAR 0 0 0 0 0 0 0 0 0 0 0 0 0 0

SKILLED CRAFTSMEN

CXP. YACnINE 439 46 75 48 1 18 14 44 55 16 83 36 37 38 6 0

INSTRu mAKER 70 74 89 23 ci 11 73 76 24 11 81 70 83 03 86 61

INSTRU flAN 140 65 79 79 4 21 28 54 44 37 61 38 59 44 52 0

.LAY OUT mAN 200 55 68 54 0 25 31 30 69 22 77 26 31 28 41 0

MACH. SET uP 758 73 94 71 1 54 29 65 35 66 34 63 68 63 76 0

MACH. REPAIR 320 50 72 67 17 31 17 57 35 26 67 36 55 56 55

TOOL AND DIE 234 26 54 30 6 26 29 30 70 4 95 14 34 21 26 3
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TABLEAA
ADDITIONAL EDUCATION ACQUIRED BY EMPLOYEES

(RESPONSES IN PERCENTAGES)

A On the Job
B Courses arranged by employers

C Courses supported by employers

D Employee's own responsibility

ENGINEERS

AEROSPACE
CHEMICAL
CIVIL

ELECTRICAL
ELECTRONIC
GEOLOGICAL

INDUSTRIAL
MECHANICAL
METALLURGIC

MINING
NUCLEAR

TOTAL
EMPLOYEES

16
89

445

185
465
35

73
334
54

62
6

ASSC.ENGINEERS

CHEM/CAL
CIVIL
ELECTRICAL

9
168
91

MECHANICAL 29
MINING 6,

CONSTRUCTION 89

TECHNICIANS

AERONAUTICAL 58
CHEMICAL 65
CIVIL 436

DATA PROCESS 142
DRAFTING 171
ELECTRICAL 68

ELECTRONICS 425
GEOLOGICAL 14
INDUSTRIAL 66

MECHANICAL 119
METALLURGIC 14

NUCLEAR 0

SKILLED CRAFTSMEN

EXP. MACHINE 22
INSTRU MAKER 15
'NSTRU MAN 30

LAY OUT MAN 17
MACH. SET UP 27
MACH. REPAIR 47
TOOL AND DIE 34

E' Company orientation and policy
Additional knowledge needed on the job

Additional skills needed on the job

Advancement to higher position

Personal interest

A
HOWAMERPO
B

56 0 6 31 31

48 18 22 33 24
58 19 16 37 36

56 31 36 43 34

77 31 56 26 49
63 20 20 31 43

68 26 29 36 44
64 24 37 37 59
44 20 17 28 19

61 19 13 34 35

33 17 33 17 0

78 22 11 44 33
65 11 , 6 53 33

92 27 20 44 49

31 17. 31 41 .21-

50 0 17 67 35

49 13 11 24,0 ' 13

91 17 10 26 40

60 14 12 38 17

66 14 5 40 33

84 25 18 35,

65 11 20
.43
49... 2V

75 18 .16 44

79 24 28 45 27

64 14 29 21 43
76 20 33 44 38

73 24 -19 34 26

64 14 29 29 21

0 0 0 0

32 5 0 36 *0
53 27 20 13 13

70 13 13 47 . 33

18 0 0 29 18

52 19 19 30 33
57 13 13 19 17

53 12 15 26 24

56
67
66

75
86
60

78
72
56

60
- 67

100
75
45

55
67
56

83
62
74

89
72
76

82
93
83

71
t1 t,

0

41
67
70

24
59
60
53

PURPOSE
G H

50 19 44
45 24 52
52. 32 66

54 41 72
.60 39 79
37 23 74

62 42 82
56 43 71
39 24 63

35 31 60
17 17 67

44 67,67
59 57 73
72 48 76

41 41 76
67 67 67
45 33 54

4
. ,

69. 33 59
51 34 68
61 60 71

70 48 65
55 49 74
68 47 75

67 49 77
64 36 71
62 56 79

1*

": 39
43

74
640 10 0

27 18 59
40, 33 60
63 37 -'63

24 18 58
.44 30 67
57 30 64
59 38 71



purposes were listed in the survey, and the responses to each ranged from about

one-fourth to three-fourths of all personnel. Their relative importance as re-

ported in the survey are shown below in average percentages of response.

1. Orientation and instruction in company policy 30%

2. To acquire technical or professional knowledge needed

on the job

3. To acquire special skills needed on the job

4. Advancement to a higher position

5. Self-improvement

68%

53%

37%

66%

Career Selection: The next eight sections deal with the men and their

careeri in industry today who provide engineering, technical, and skilled ser-

vices. Eleven pages of data (Tables 19 - 26) present a composite of some of

their personal characteristics and work experience. This information should

be useful to schools in developing student guidance programs and admission poli-

cies. It may be of assistance to high school and college students, not only

in the-selection of their careers, but also in the successful pursuit of such

careers.

The choice of a career was made rather late for most of those in industry

today,.and the predominant influence in making it was the experience of another

job. Howeverf 85 to 907 are satisfied that they made a good choice. Figure 17

lists seven periods when the choice was made and the average percentages of en-

gineers, associate engineers, technicians and skilled craftsmen who made the

choice in each period. Very few in any occupation decided on their present

FIGURE 17

PERIOD IN WHICH EMPLOYEES SELECTED PRESENT CAREER

Average Percentages

Engineers

of Response
Assc.

Engineerc Technicians

Skilled
Craftsmen

1. Before High School 57. 5% 57. 7%

2. During High School 22% 13% 12% 177.

3. While in Armed Services 13% 117. 157. 107.

4. During First Two Years of

College 15% 87. 57. 3%

5. During Third and Fourth
Years of College 137 90/i 47. 17.

6. While Employed in Another

Occupation 24% 4570 467. 467.

7. Some Other time TX 8% 11% 13%
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TABLE 19
CAREER SELECTION

(RESPONSES IN PERCENTAGES)

A Before high school
B During high school
C In armed services
D First two years college
E 3rd or 4th year college

TOTAL
ENGINEERS EMPLOYEES
....... AB

F While employed K Armed forces or employment

G Other L Advertising or public

H Family Occupation relations

I Friends and acquaintances M Other reasons
J High school influence

TIME OF CAREER CHO/CE REASON FOR CHO/CE SATISFIED

C D E F G H I J K L M YES

AEROSPACE 16 6 19 19 6 25 19 6 25 50 19 25 81

CHEMICAL 89 1 12 10 13 17 35 11 7 34 11 27 11 25 88

CIVIL 445 6 23 10 16 14 22 8 16 35 12 27 13 21 86

ELECTRICAL 185 7 22 19 10 10 26 6 16 25 10 38 13 22 84

ELECTRONIC 465 7 34 21 9 6 18 4 10 21 13 36 21 22 87

GEOLOGICAL 35 6 17 11 31 14 14 6 11 37 14 11 9 60 91

INDUSTRIAL 73 0 19 15 10 8 33 15 5 37 10 37 5 33 86

MECHANICAL 334 6 28 10 11 LI 27 8 11 28 15 26 16 27 88

METALLURGIC 54 2 26 7 19 13 30 4 15 43 6 15 7 31 78

MINING 62 10 24 8 27 11 13 6 19 31 10 16 15 34 71

NUCLEAR 6 17 50 0 0 17 17 0 0 33 17 0 17 50 100

ASSC.ENGINEERS
WO 11100010111

CHEMICAL 9 0 11 11 11 22 44 0 11 33 0 22 11 22 89

CIVIL 168 5 17 6 11 5 42 13 8 40 8 32 6 21 85

ELECTRICAL 91 4 8 11 10 T 52 9 11 48 5 31 9 18 86

MECHANICAL 29 7 14 14 0 10 45 10 3 28 3 45 10 24 86

MINING 6 0 0 17 0 17 67 0 17 33 0 33 0 17 67

CONSTRUCTION 89 9 16 11 10 3 43 8 27 31 3 25 6 22 93

TECHNICIANS
.....011MOIS
AERONAUTICAL 58 9 21 28 3 3 29 7 7 26 5 53 17 14 88

CHEMICAL 65 0 15 3 5 3 57 17 5 35 9 18 8 38 13

CIVIL 436 3 11 7 11 4 53 12 10 36 6 32 8 19 82

DATA PROCESS 142 4 12 34 8 5 30 8 4 19 2 49 25 18 88

DRAFTING 171 8 22 8 12 3 35 12 9 30 18 27 12 26 81

ELECTRICAL 68 10 13 16 1 1 37 21 9 38 7 41 12 16 90

ELECTRONICS 425 9 15 33 6 3 28 6 5 24 6 53 21 20 85

GEOLOGICAL 14 0 0 7 7 21 50 14 0 14 0 21 21 57 79

INDUSTRIAL 66 5 6 17 6 2 56 9 5 33 5 45 5 21 82

MECHANICAL 119 2 10 18 4 0 56 9 10 30 '3 46 12 17 87

METALLURGIC 14 0 14 0 0 0 79 7 7 57 14 21 14 7 86

NUCLEAR 0 0 0 0 0 0 0 0 0 0 Q. 0 0 0 0

SKILLE:' CRAFTSMEN

EXPe MACHINE 22 14 23 0 5 0 50 9 14 41 9 32 14 14, 59

INSTRU MAKER 15 7 27 0 0 0 53 13 27 40 33 20 13 0: 93

INSTRU MAN 30 0 7 30 3 0 43 17 10 30 3 60 13 13 90

LAY OUT MAN 17 0 18 12 6 0 47 18 12 29 12 29 0 29 71

MACH. SET UP 27 19 11 7 4 7 37 15 30 30 0 26 7 33 85

MACH. REPAIR 47 6 15 19 4 0 40 15 13 32 11 38 6 23 85

TOOL AND DIE 34 6 26 6 3 0 53 6 21 35 12 32 6 21 85
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career before they reached high schOol,and except for those in engineering, not

a great many more made up their minds in high school. Nearly half of all assoc-

iate engineers, technicians, and skilled craftsmen, and one-fourth of all engin-

eers were already employed when they decided to enter their present fields.

Figure 18 lists six reasons for selecting the career and the average per-

centages of response for each choice. The decision was often made for more than

one reason, and additional reasons than these could have been listed. The re-

sults, therefore, are only indications of the relative importance of these fac-

tors. High school counseling and advertising both rank low, while work exper-

ience and persons in the occupation are predominant influences.

FIGURE 18

REASONS FOR CAREER CHOICE

Average Percentages of Response

1. Family Occupation

2. Influenced by Persons

in the Occupation

3. Influenced by high school
teaChers or counselors

4. Influenced by military
service or work experience

5. Influenced by media adver-

tising

6. Other reasons

Engineers

Assc.
Engineers Technicians

Skilled
Craftsmen

11% 12% 6% 18%

32% 36% 31% 34%

107 4% 7% 7%

287 317 367 227

13% 8% 14% 5%

35% 24% 23% 12%

Career Success: To provide some indication of advancement possibilities

and future expectations, employees were asked the number of promotions they have

had in.their present occupation and what they expect to be doing ten years from

now. The number of promotions should be correlated with time spend in the oc-

cupation to be meaningful. This averages ten years or more in all occupations.

More than half of the personnel in all occupations have had five promotions dur-

ing their careers and nearly half have had more than five. Nearly half of the

engineers and associate engineers expect to be working in higher supervisory

or management positions fen years from now. Almost that many technicians have

the same hope, and most of the others are planning to be engineers. Only in_the

skilled crafts were sizeable numbers who expected to be working in the same

jobs. There were also appreciable numbers in the skilled crafts who wrote in

that they expected to be retired ten years from now.

Career Advancement Factors: Employers and employees were both asked which

of six factors are major, minor, or not a consideration in the promotion of per-

sons in the occupation. Employers of all occupations ranked performance at the
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TABLE 20
CAREER SUCCESS

(RESPONSES IN PERCENTAGES)

A Present occupation
B Supervision or management

C Higher occupation requiring
more education

TOTAL
ENGINEERS EMPLOYEES
..... emmemommIgnft

*More than five
NUMBER OF PROMOTI ONS
IN PRESENT OCCU ATION

D

E
F

Higher occupation without
more education
Different occupational field
Another activity

POSITION EXPECTED
IN TEN YEARS

0 1 2 3 4 5 UP* ABC DEF
AEROSPACE 16 6 19 19 13 0 0 44 19 44 i3 6 0 19

CHEMICAL 89 8 11 10 22 13 10 21 17 34 20 11 3 12

CIVIL 445 6 9 9 10 10 8 47 10 44 11 11 4 17

ELECTRICAL 185 4 6 9 8 4 5 62' 10 42 18 12 7 9

ELECTRONIC 465 4 8 8 9 7 55 4 49 27 6 6

GEOLOGICAL 35 9 6 11 20 9 9 37 9 54 6 11 6 14

INDUSTRIAL 73 10 8 1 5 14 12 8 33 4 60 18 3 5 8

MECHANICAL 334 3 7 9 10 11 5 52 7 45 18 12 5 10

METALLURGIC 54 22 15 11 4 7 7 30 17 48 9 9 6 9

MINING 62 10 10 15 11 11 6 35 2 61 8 10 5 10

NUCLEAR 6 0 17 0 0 0 83 33 50 0 0 0 17

ASSC.ENGINEERS
011iMaSOIMM4111.0411140MUNIOND

CHEMICAL 9 11 33 11 22 11 0 11 0 56 33 11 0 0

CIVIL 168 2 4 7 5 8 10 61 31 29 20 6 8

ELECTRICAL 91 3 12 15 11 10 5 43 14 44 19 8 3 9

MECHANICAL 29 14 3 24 3 17 0 38 10 48 14 3 17 3

MINING 6 0 0 33 33 0 0 33 0 33 17 .33 17 0

CONSTRUCTION 8 9 8 15 10 4 4 12 42 19 51 9 : 7 1 10

TECHNICIANSOPOMMM
AERONAUTICAL 58 7 5 10 9 17 10 36 14 43 22 7 5 2

CHEMICAL 65 5 17 15 12 17 5 28 22 29 22 12 8 6'

CIVIL 436 5 8 9 14 11 11 42 6 29 31 12 8 11

DATA PROCESS 142 13 13 9 20 12 6 25 3 37 42 6 7 5

DRAFTING 171 9 9 10 14 11 6 40 6 21 49 11 6 5

ELECTRICAL 68 13 10 13 10 10 3 40 7 44 19 7 6 12

ELECTRON ICS 425 9 6 8 10 12 7 48 28 39 8 7 10

GEOLOGIC AL 14 14 29 29 7 21 0 0 21 50 7 7 14

INDUSTR IAL 66 5 11 11 15 9 6 44 36 30 9 9 6

MECHA NICAL 119 10 11 12 16 12 4 34 12 18 27 14 10 16

META LLURGIC 14 7 14 7 14 29 0 29 0 71 7 7 7 '0

NUC LEAR 0 0 0 0 0 0 0 - 0 0 0 0 0 0

KILLED' CRAFTSMEN
1111111011141111111141111.

EXP. MACHINE 22 9140 5 9 5 55 23 18 5 14 14 18

INSTRU MAKER 15 0 0 0 20 0 0 73 47 33 7 0 0 13

1NSTRU MAN 30 17 13 20 13 7 3 23 13 37 27 7 7 7

LAY OUT MAN 17 6 24 0 12 6 12 35 24 18. 6 6 35 12

MACH. SET UP 27 22 7 :7 4 26 0 33 15 33 15 1$ 4 15

MACH. REPAIR 47 15 13 11 19 13 4 21 13 32 23 15 2 9

TOOL AND DIE 34 15 9 6 6 26 3.32 18 3$ 21 6 3 12
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TABLE 21

MAJOR AND MINOR FACTORS IN CAREER ADVANCEMENT

(RESPONSES IN PERCENTAGES)

A Employers consider major C Employees consider major

B Employers consider minor D Employees consider minor

TOTAL
ENG I NEERS EMPLOYEES

AEROSPACE 184 16

CHEMICAL 258 89
CIVIL . 871 445

ELECTRICAL 919 185
ELECTRON IC 1304 465
GEOLOGICAL 64 35

I NDUSTR I AL 330 74
MECHANICAL 993 334
METALLURGI C 86 54

MINING 118 62

NUCLEAR 3 6

ASSC. ENGINEERS

CHEMICAL 21 9

CIVIL 411 168
ELE TR I CAL 235 91

MECHANI CAL 231 29

MINING .
4 6

CONSTRUCT ION 302 $9

TECHNICIANS

AERONAUT ICAL 372 58

CHEMI CAL 151 65
CIVIL 1255 436

DATA PROCESS 361 142
DRAFT ING 513 171

ELECTR I CAL . 339 68

ELECTRONICS . 1268 425
GEOLOG I CAL 25 14

INDUSTRIAL 253 66

MECAHANI CAL 516 119
MET ALLURG I C 41 14.

NUCLEAR.. 0 0

SK I LLED CRAFTSMEN
11111.1011

439Expo.mcmINE 22

I NSTR MAKER 70 15

1NSTRU MAk 140 30

LAYOUT MAN 200, 17

MACH. SET UP 758 27
MACH. REPAIR 320 47
TOOL-ANO ing 234 34

EXAMINATION
A B C D ABCDEDUCATION EXPERIENCE

A B C D

0 88 6 25 89 7 50 13 95 5 69 6

0 66 11 19 16 55 39 26 73 7 57 19

10 24 16 22 56 20 42 24 75 12 73 13

0 31 3 25 32 57 28 36 91 7 56 25

2 44 2 20 60 38 22 39 98 1 55 20

3 25 0 11 42 45 26 23 77 13 63 23

2 32 4 19 78 14 25 37 88 6 64 16

2 71 2 20 66 23 30 28 93 5 58 17

0 27 0 22 50 15 26 35 87 7 65 11

0 26 0 34 61 32 34 37 77 23 68 10

0 0 0 17 0100 50 17 100 0 67 17

10 57 11 22 81 10 33 44 81 10 56 44

67 8 63 13 11 72 35 35 85 5 68 15

5 87 1 38 65 29 37 25 94 1 57 20

0 54 0 21 83 9 41 14 94 2 52 14

0 0 0 50 75 0 33 50 100 0 50 33

0 36 2 29 11 41 20 26 63 16 66 13

6 60 21 34 20 72 31 29 97 3 62 7

21 15 3 26 32 46 35 22 54 28 66 18

56 9 58 14 14 70 35 35 81 7 68 16

12 5 0 17 11 81 11 17 92 7 33 7

34 14 16 36 53 15 35 34 79 9 65 15

14 32 9 38 32 25 29 31 68 10 76 10

37 34 8 37 52 39 36 31 75 22 67 14

0 56 0 7 84 12 7 43 100 0 43 43

0 71 6 30 25 64 36 32 88 2 77 9

0 62 5 30 45 36 43 22 85 10 69 13

0 63 0 43 20 78 36 21 83 15 71 21

0 0. 0 0 0 0 0 0 0 0 0 0

0 55 0 32 56 25 5 36 74 8 77 5

0 79 0 27 14 73 20 33 90 4 73 7

23 39 13 37 39 48 33 20 81 14 60 10

0 43 6 18 5 54 12 18 63 17 47 35

4 77 7 22 12 71 33 11 88 5 70 7

17 57 4 38 27 58 21 32 86 9 70 9

0 35 9 35 20 38 29 29 76 7 65 18

.
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TABLE 21 CONTINUED

MAJOR AND MINOR FACTORS IN CAREER ADVANCEMENT

(RESPONSES IN PERCENTAGES)

A Employers consider major
B Employers consider minor

TOTAL
ENGINEERS EMPLOYEES.

AB
SMUDRIMY

CD
AEROSPACE 184 16 3 92 19 31
CHEMICAL 258 89 49 34 20 37
CIVIL 871 445 16 57 18 46

ELECTRICAL 919 185 25 60 26 32
ELECTRONIC 1304 465 12 39 9 42
GEOLOGICAL 64 35 9 58 9 46

INDUSTRIAL 330 73 30 37 745
MECHANICAL 993 334 13 69 9 42
METALLURGIC 86 54 2 57 15 43

MINING 118 62 25 32 34 32
NUCLEAR 3 6 0100 17 33

ASSC. ENGINEERS

CHEMICAL 21 9 43 48 33 33'
CIVIL 411 168 6 84 21.'48:

ELE TRICAL 235 91 3 88 10.49

MECHANICAL 231 29 6 1:3.' .7.41
MINING 4 6 75 0 67.03
CONSTRUCTION 302 89 17 47 i0 42

TECHNICIANS

AERONAUTICAL 372 58 2 60 50 24
CHEMICAL 151 65 15 40 23 34
CIVIL 2255 436 5 75, 17 50

DATA PROCESS 361 142 1 74 9 20
DRAFTING 513 171 9 62 23 40
ELECTRICAL 339 68 31 37 31 40

ELECTRONICS 1268 425 11 77 19 48
GEOLOGICAL 25 14 4 48 14 29
INDUSTRIAL 253 66 12 54 20 50

MECAHANICAL 516 119 10 70 20 43
METALLURGIC 41 14 2 98 7 50
NUCLEAR 0 0 0 0 0 0

SKILLED CRAFTSMEN

EXP. MACHINE 439 22 40 36 18 27
INSTR MAKER 70 15 61 31 33 33
INSTRU MAN 140 30 29 47 40 23

LAYOUT MAN 200 17 28 50 6 24
MACH. SET UP 758 27 23 68 15 37
MACH. REPAIR 320 47 34 59 17 43
TOOL AND DIE 234 34 34 48 21 32

C Employees consider
D Employees consider

PERFORMANCEABCD
96 0
99 0
99 0

99
99
100

1

1

0

major
minor

MERSONAUTYABCD

98 0
97 0

100 0

100 0
100 0

loo o
98 0
100 0

99 0
100 0
86 11

94 0
100 0
100 0

100 0
100 0
63 35

99 0
100 0
94 0

93 0
100 0

0 0

99 0
100 0
91 0

95 0
99 1

94 5

100 0

75 0 87 8 13 50
76 8 29 49 11 43
82 11 32 55 21 42

81 11 6 34 23 39
81 3 18 75 17 41
94 0 44 47 9 43

82 3 54 26 41
81 3 54 36 24 35
.76 11 27 65 24 30

:

77 .8 23 58 26 44
100' 0 100 0 0 67

89 0 29 48 11 44
72 15 8 82 29 42
67 16 68 23 37 36

59 0 5 53 31 17
50 33 0 25 17 67
84 3 40 26 21 34

57 9 29 65 19 31

78 6 16 66 20 37
69 17 4 78 19 48

38 5 9 74 8 21
74 13 43 19 26 44
68 6 34 19 40 26

77 7 61 24 24 45
79 7 36 20 7 50
88 5 38 29 41 29

81 8 17 56 29 31
100 0 59 39 36 29

0 0 0 0 0 0

77 5 12 66 18 18
80 7 1 81 20 53
63 7 31 58 33 30

71 0 22 51 12 24
78 0 7 78 19 33
79 4 53 33 17 43
71 6 22 41 26 24
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very top followed by experience, personality, seniority, and examination in

that order. Personality was ranked ahead of seniority for engineers and tech-

nicians, and seniority ahead of personality for associate engineers and tech-

nicians.

Occupational Satisfaction: While 85 to 90% of all personnel expressed

overall satisfaction with their career choices, they also indicated likes and

dislikes pertaining to specific aspects. Satisfaction with salaries was

reported in a ratio of more than 2 to 1. The highest ratio of satisfaction

was in the kind of work performed and the lowest in opportunities for advance-

ment. There was considerable similarity in the ratios for all occupations ex-

cept in three instances: fringe benefits, working facilities, and job security

were less satisfactory to engineers and skilled craftsmen than to associate

engineers and technicians. The ratios in all occupations for these six job

characteristics ranged from 2 to 1 who were satisfied with opportunities for

advancement to 27 to 1 who were satisfied with the nature of the work they per-

form.

Employee Characteristics: The data gathered on the present ages of em-

ployees and the number of years since they reached their highest educational

level is shown in Table 23. The first column under "Age" lists percentages

of employees below the age of 20; the second column those between 20 and 30;

the third column those between 30 and 40; the fourth column those between 40

and 50; and the fifth column those above 50 years of age. The first column

under "Education" lists percentages of employees who have received their high-

est degree, diploma, or certificate less than one year before the survey; the

second column those who received them between one and two years before, etc.

The great majority of engineers and associate engineers are in their 30s

and 40s. Most technicians are in their 20s and 30s. The oldest occupational

group are the skilled craftsmen. More than two-thirds are over 40, and more

than one-third over 50. Three-fourths of all personnel reached their highest

level of education more than five years ago. Half of them reached it more

than ten years ago.

Years of Technical Experience: The ages of industrial personnel are re-

flected in their expreience as craftsmen, technicians, or engineers. Each em-

ployee was asked the number of years experience at each level. Very few engin-

eers have had experience as technicians or craftsmen. Generally, their years

of experience as engineers correspondended with the time since reaching their

highest educational level. Most of those with graduate degrees apparently re-

ceived them before or soon after they began their working careers.

A substantial number of associate engineers have had experience as tech-

nicians and skilled craftsmen, indicating an employment route of promotion to

present positions. Technicians report fewer years of experience than any other

group, evidence of their younger age. Many also report experience as skilled

craftsmen and a few as engineers. Skilled craftsmen again report the heaviest

concentration at the upper levels of experience; many also cite experience as

technicians and a few even as engineers.

Salary Ranges: The minimum salary range for most engineering and assoc-

iate engineering positions is $500 - $700 per month. For many engineers it
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TABLE 22
EMPLOYEE SATISFACTION WITH CONDITIONS OF EMPLOYMENT

(RESPONSES IN PERCENTAGES)

TOTAL
EMPLOYEES

16
89

445

ASSCIIENGINEERS

CHEMICAL
CIVIL
ELECTRICAL

MECHANICAL
MINING
CONSTRUCTION

TECHNIC/ANS

AERONAUTICAL
CHEMICAL
CIVIL

DATA PROCESS
DRAFTING
ELECTRICAL

ELECTRONICS
GEOLOGICAL
*INDUSTRIAL

185
465
35

73
334
54

SALM
YES NO
38 19
61 18
61 23

58 27
71 8
31 40

59 15
72 13
44.37

62 31 45
6 33 67

9
168
91

29
6

89

33 33
46 36
60 20

34 14
50 17
78 10

OPPORTUNITIES
FOR

ADVANCEMENT
YES NO

50 13
54 25
60 23

52 26
57 17
37 31

55 22
53 23
37 43

45 34
17 17

56 11
68 le
48 27

31 10
50 33
65 11

FRINGE
BENEFITS
YES NO

50 38
45 26
60 19

64 15
63 5
69 9

56 15
72 '7
61 15

68 8
17 83

56 22
60 24
76 5

34 7
50 33
52 21

58 60 26 45 22 60 17
65 55 23 40 42 86 8

436 42 36 61 22 66 18

142 35 7 32 6 30 4
171 54 20 51 26 70 7

68 68 18 51 25 84 7

425 57 23 53 25 74 5

14 64 14 79 7 79 0

66 61 23 56 27 80 9

-MECHANICAL 119 71 20 45 37 71 14

METALLURGIC 14 64 14 79 14 50 7

NUCLEAR o o o o o o o

SKILLED CRAFTSMEN

EXP..MACHINE 22
INSTRU MAKER 15
INSTRU MAN 30

'LAY OUT MAN 17
MACH. SET UP 27
MACH. REPA/R 47
TOOL AND DIE 34

WORKING
FACILITIES

YES NO

75 13
73 15
79 10

75
60
69

63
68
65

16
14
14

12
14
20

76 8
100 0

89 11
78 8

78 4

55 3

83 17
79 6

67 9
77 18
74 10

35 6
72 9
85 4

76 6
93 0
76 14

80 12
71 0
0 0

45 18 27 23 36 14 55'14
87 0 27 33 80 7 60 27

77 17 50 33 73 13 73 10

65 18 18 59 47 12 29 29

67 7 48 26 37 15 59 4
64 13 49 30 79 4 62 17
29 38 24 32 41 21 53 48
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TABLE 22 CONTINUED

EMPLOYEE SATISFACTION WITH CONDITIONS OF EMPLOYMENT

(RESPONSES IN PERCENTAGES)

TOTAL
EMPLOYEES

ASSC.ENGINEERS
mommodmeseisommilommOginftemilMi

CHEMICAL
CIVIL
ELECTRICAL

MECHANICAL
MINING
CONSTRUCTION

TECHNICIANS

AERONAUTICAL
CHEMICAL
CIVIL

DATA PROCESS
DRAFTING
ELECTRICAL

ELECTRONICS
GEOLOGICAL
INDUSTRIAL

MECHANICAL
METALLURGIC
NUCLEAR

EMPLOYER
RELATIONS
YES NO

NATURE OF JOB LMPORTANCE

WORK S ECURITY OF WORK

YES NO YES NO YES NO

44 25 63 6
47 16 78 0

65 9 66 4

16 50 13 94 6

89 63 15 93 3

445 70 11 93 3

185 66 17 90 4
465 57 11 79 5

35 57 14 97 0

73 64 12 74 7

334 64 14 86 3

54 50 26 93 2

62 68 15 89 2

6 67 17 100 0

9 89 11 89 11
168 67 11 93 2
91 64 13 88 0

29 62 0 69 0

6 33 33 83 0
89 76 8 92 1

58 60 14 86 2

65 77 14 92 3

436 64 11 89 3

142 23 9 43 3

171 64 11 78 8

68 69 13 97 0

425 67 10 86 3

14 86 0 86 0
66 67 17 82 3

119 58 17 96 3

14 86 0 100 0

sKILL0 CRAFTSMEN

59 12 61 8

44 15 55 3

49 11 71 3

44 15 49 7

47 18 59 3

37 9 54 7

52 3 53 3
50 17 83 0

67 11
76 5
74 3

38 7
50 17
56 12

67 7
eo 0
85 2

30 3

63 8
87 1

60 11
71 0
62 14

71 10
57 0

o o o o o o

EXP. MACHINE 22 55 14 77 14 32

INSTRU MAKER 15 67 7 93 0 20

INSTRU MAN 30 83 7 100 0 87

LAY ouf MAN 17 47 29 65 18 29
MACH. SET UP 27 52 0 81 0 44
MACH. REPAIR 47 66 17 91 0 68
TOOL AND mg 34 56 15 79 3 41

23
20
7

29
11
13
24

67 11
60 4
55 2

38 3
17 0
49 0

59 0
58 5

56 3

29 1

56 1

65 1

62 3

57 7
64 2

62 2
79 0
0 0

55 5
60 0
47 3

24 0
52 4
53 0
62 0
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TABLE 23
EKPLOYEE AGE AND YEARS SINCE GRADUATION

(RESPONSES IN PERCENTAGES)

20 Under twenty
30 Twenty to thirty
40 Thirty to forty
50 Forty to fifty
UP Over fifty

TOTAL
ENGINEERS EMPLOYEES

AEROSPACE
CHEMICAL
CIVIL

ELECTRICAL
ELECTRONIC
GEOLOGICAL

I NDUSTR I AL

MECMAN I CAL
METALLURGIC

MINING
NUCLEAR

ASSC. ENGI NEERS
mmmmmmm

CHEMICAL
CIVIL
ELE TRICAL

MECHANICAL
MINING
CONSTRUCT ION

TECHNIC !ANS

AERONAUT ICAL
CHEMICAL
CIVIL

DATA PROCESS
DRAFT I NG
ELECTRICAL

ELECTRONICS
GEOLOGICAL
I NDUSTR IAL

MECAHANICAL
METALLURGIC
NUCLEAR

SKI LLED CRAFTSMEN
01411141001141011111

EXP. MACHINE
I NST R MAKER
NSTRU MAN

LAYOUT MAN
MACH. SET UP
MACH. REPAIR
TOOL AND DIE

16
89

445

les
465
35

73
334
54

62
6

9

168
91

29
6

89

58
65

436

142
171
68

425
14
66

119
14

22
15
30

17
27
47
34

20
AGE
30 40 50 UP

1 Lass than one year
2 One to two years
5 TOo to five years
10 Five to ten years
UP More than 10 years

EDUCATION
1 2 5 10 UP

0 0 44 50 6 13 6 13 25 44
0 12 35 30 21 6 9 9 24 52
0 12 34 29 26 4 4 7 21 62

0 16 32 38 13 4 2 18 21 56
0 24 43 25 9 9 10 15 21 45
0 14 43 31 11 6 11 3 34 46

0 19 27 42 12 5 4 15 21 53
0 18 37 30 16 5 6 9 22 56
0 19 24 31 26 9 6 13 17 56

0 21 26 34 19 6 11 10 15 58
0 0 33 67 0 0 0 0 33 67

0 11 56 22 11 0 0 11 33 56
0 21 35 24 22 4 2 13 17 63
0 10 38 38 16 9 3 8 12 65

3 31 31 21 24 10 3 10 31 34
0 17 33 33 17 0 17 0 0 83
0 12 24 40 24 2 2 9 9 76

0 29 24 33 16 5 7 16 21 47
0 22 29 29 22 2 5 9 25 57
1 33 30 19 19 7 3 8 22 57

1 46 32 17 5 11 16 17 25 .29

1 36 34 19 13 10 6 12 20 49
0 22 32 25 22 4 3 13 29 49

0 29 40 19 13 9 7 16 23 44
7 29 50 7 7 0 7 29 21 43
0 27 30 21 20 11 2 12 23 53

0 14 39 25 24 6 0 8 17 67
0 14 29 29 29 0 0 7 14 79
0 0 0 0 0 0 0 0 0 0

0 18 23 27 36 5 0 9 14 68
0 13 7 47 33 0 0 7 7 87
0 20 40 27 13 7 7 13 20 53

0 24 24 41 18 6 0 12 12 65
0 22 4 33 52 7 4 7 15 56
2 9 26 28 40 2 2 4 11 77
0 6 26 35 32 0 0 0 15 85
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TABLE 24
YEARS OP CAREER EXPERIENCE
(RESPONSES IN PERCENTAGES)

1 Less than one
3 One to three
5 Three to five

TOTAL
EMPLOYEES

year
years
years

CRAFTSMAN
1 3 5 10 UP 1

10

UP

TECHNIC/ANS
3 5 10 UP

Five to tan years
More than 10 years

ENGINEER
1 3 5 10 UP

AEROSPACE 16 0 0 0 0 0 .0 6 0 0 0 0 0 13 19 63

CHEMICAL 89 1 1 0 1 6 3122 1 1A 0 6 4 141 38

CIVIL 445 1 2 1 1 2 2 7 8 4 5 2 6 7 24 56

ELECTRICAL 185 2 2 4 1 1 3 10 6 4 2 1 6 11 20 56

ELECTRONIC 465 2 3 2 1 2 3 9 6 4 3 13 11 25 42

GEOLOGICAL 35 0 3 3 0 3 3 9 0 0 6 3 3 6 29 40

INDUSTRIAL 73 0 3 3 4 5 4 0 8 4 4 3 11 22 47

MECHANICAL 334 1 4 4 4 4 4 5 5 5 1 2 9 8 22 51

METALLURGIC 54 2 2 2 0 0 6 7 2 4 0 2 15 9 23 59

MINING 62 2 3 2 0 0 3 6 5 0 3 5 13 3 18 55

NUCLEAR 6 0 0 0 0 0 0 17 0 0 0 0 0 0 17 83

ASSC.ENGINEERS

CHEMICAL 9 0 0 0 0 11 11 11 33 11 22 0 0 0 0 11

CIVIL 168 1 2 2 8 1 7 8 18 29 2 8 9 5 21

ELECTRICAL 91 1 3 4 5 11 1 13 9 13 9 5 7 10 19 14

MECHANICAL 29 0 0 3 7 21 7 3 10 14 7 0 17 7 3 21

MINING 6 0 0 0 0 17 0 17 33 0 17 33 33 0 0 17

CONSTRUCTION 89 3 2 2 2 31 1 4 3 8 10 1 1 9 0 28

TECHNICIANS

AERONAUTICAL 58 3 3 5 9 36 2 9 12 5 14 0 5 0 0 0

CHEMICAL 65 0 2 3 2 6 3 18 5 12 35 5 2 2 5 5

CIVIL 436 1 4 2 4 7 3 8 11 24 21 2 3 2 4 10

DATA PROCESS 142 0 4 1 6 4 5 16 16 21 20 4 3 1 1 3

DRAFTING 171 1 8 8 12 20 2 12 8 12 8 2 4 4 4 9

ELECTRICAL 68 1 6 10 9 28 4 6 7 15 19 1 4 1 4 4

ELECTRON:CS 425 1 4 4 2 5 2 9 10 22 43 2 4 2 3 3

GEOLOGICAL 14 0 0 0 7 21 43 14 0 14 0147 0 0

INDUSTRIAL 66 0 6 2 5 9 3 6 18 20 12 3 12 3 2 9

MECHAN/CAL 119 0 4 6 8 22 3 6 8 12 26 3 2 1 3 8

METALLURGIC 14 0 0 0 0 29 7 0 14 21 14 0 0 0 7 7

NUCLEAR 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

SKILLED CRAFTSMEN

EXP. MACHINE 22 0 14 9 5 55 0 0 0014 0 5 0 0 0

INSTRU MAKER 15 0 .0 7 7 80 0 7 7 13 0 0 0 0 0 0

INSTRU MAN 30 0 3 3 7 10 3 17 0 23 30 0 0 0 0 3

LAY OUT MAN 17 0 6 6 18 47 6 6 6612 0 0 0 0 0

MACH. SET UP 27 0 0 7 11 41 0 4 7 0 0 0 11 4 4 7

MACH. REPAIR 47 0 6 2 9 57 4 6 9 11 4 0 0 2 2 0

TOCL AND DIE 34 0 0 6 6 79 0 3 0 3 3 0 6 6 0 3
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TABLE 25
SALARY RANGES

(RESPONSES IN PERCENTAGES)

ENGINEERS

A Minimum
B Maximum
5 Less than
7 $500 to

TOTAL
EMPLOYEES

$500 monthly
$700 monthly

5 7

rif

EMPLOYER

9
X7713

9
12

UP

12
X-11

$700 to $900 monthly
$900 to $1200 monthly
More than $1200 monthly

DEMME
UP
rnr 5 7 9 12 yPAl

AEROSPACE 1.34 16 1 0 7 0 3 1 3 7 82 83 0 0 31 38 31

CHEMICAL 258 89 15 0 50 0 25 36 2 37 2 20 4 18 27 31 17

CIVIL 871 445 3 0 62 2 29 9 5 27 1 61 1 9 29 44 15

ELECTRICAL 919 185 0 0 85 0 9 0 5 34 0 61 0 4 25 46 25

ELECTRONIC 1299 465 1 0 35 12 46 1 1 2 0 69 1 2 20 47 29

GEOLOGICAL 64 35 9 0 56 5 30 14 3 41 0 39 0 14 54 17 14

INDUSTRIAL 330 73 2 0 52 2 36 4 1 32 0 54 1 7 38 44 10

MECHANICAL 1008 334 2 0 31 1 47 2 3 14 2 69 0 1 22 53 22

METALLURGIC 86 54 0 0 44 8 37 8 8 42 1 33 0 13 30 31 26

MINING 118 62 6 0 72 5 15 36 4 36 3 22 2 21 37 27 13

NUCLEAR 3 6 0 0 0 0 0 0 0 0 100100 0 0 0 33 67

ASSC. ENGINEERS

CHEMICAL 21 9 10 0 71 10 19 52 0 10 0 29 11 67 22 0 0

CIVIL 411 168 5 0 90 4 5 90 0 6 0 0 1 52 44 2 1

ELE TRICAL 235 91 3 0 88 0 3 67 0 26 0 0 1 20 66 12 0

MECHANICAL 231 29 36 1 58 2 4 56 1 40 4. 0 10 28 45 14 0

MINING 4 6 0 0 100 0 0 75 0 25 09. .,0;83 17 0 0

CONSTRUCTION 302 89 8 0 47 5 22 25 21 40 2 30 3 19 31 29 15

TECHNICIANS

AERONAUTICAL 372 58 22 5 40 28 6 32 0 2 0 1 5 43 38 9 0

CHEMICAL 151 65 34 6 42 28 2 35 3 11 2 2 17 42 37 2 2

CIVIL 1255 436 82 1 15 67 2 20 0 10 0 0 22 69 6 2 0

DATA PROCESS 361 142 24 0 74 70 0 10 0 19 0 0 4 71 13 11 1

DRAFTING 513 171 52 1 46 16 1 65 0 16 0 1 22 51 22 4 0

ELECTRICAL 339 68 21 1 33 29 25 64 0 7 0 0 9 46 40 1 3

ELECTRONICS 1271 425 62 0 30 28 3 51 0 10 0 7 11 50 28 8 2

GEOLOGICAL 25 14 60 0 40 12 0 48 0 40 0 0 21 64 14 0 0

INDUSTRIAL 243 66 33 9 37 40 2 19 0 4 0 0 6 62 26 5 2

MECAHANICAL 514 119 55 3 40 51 1 34 0 7 .0 0 10 49 34 5 2

METALLURGIC 41 14 63 27 29 37 2 29 0 2 0 0 7 43 29 14 7

NUCLEAR 0 0 0 0 0 O . 0 0 0 0 0 0 0 0 0 0

SKILLED CRAFTSMEN

EX2. MACHINE 439 22 20 3 57 55 3 17 13 15 0 3 27 55 18 0 0

INSTR MAKER 70 15 70 0 17 14 10 77 3 9 0 0 0 13 87 0 0

INSTRU MAN 140 30 23 4 70 42 2 29 1 14 0 8 10 63 27 0 0

LAYOUT MAN 199 17 38 4 52 41 4 20 5 33 0 2 18 41 29 12 0

MACH. SET UP 758 27 65 2 33 80 1 14 1 3 0 0 19 52 15 4 4

MACH. REPAIR 320 47 18 2 62 67 1 9 10 13 0 1 9 77 13 2 0

TOOC AND DIE 234 34 18 2 64 40 7 44 3 6 0 0 12 65 21 3 0
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is higher, $700 - $900 monthly, and for a few it is above $900. It is above

$700 for a few associate engineers, although for some it drops below $500. The

maximum salary range for most engineers is above $1,200 per month, and $900 -

$1,200 for nearly all others. For most associate engineers the maximum is $700

to $900, and for most of the remainder $900 - $1,200. Actual salaries received

by engineers are found about evenly divided between the $700 - $900 and the

$900 - $1,200 brackets, but with substantial numbers above:$1,200. Associate en-

gineers' salaries are primarily in the $500 -$700 and $700 - $900 brackets, with

a few above $900.

The minimum salary ranges for both technicians and eitilled craftsmen are

below $500 and $500 - $700 per month. The maximum salaries are $500 - $700 and

$700 - $900, with some going above $900. Actual salaries in these occupations

are largely in the middle range, $500 - $700, with substantial numbers in the

$700 - $900 bracket and quite a few at the other end of the scale below $500.

In general, there is a drop of $200 or $300 per month between engineering and

associate engineering and another $200 drop to the technical and skilled occu-

pations. Skilled craftsmen are slightly higher than technicians. They are also

ten to fifteen years older with that much more experience in their jobs.

The salary levels of all personnel have been compared with their education-

al-levels.in Table 26... Of those engineers earning less than $700 per month,

317 do not have baccalaureate degrees, whereas 347 of those earning more than

$1,200 have graduate degrees. Associate engineers' salaries apparently are not

based on education. The same is true of technicians in the lower income brac-

kets, but 39% of those earning $900 - $1,200 have college degrees (307 are bac-

calaureate or higher), and 40% of those earning more than $1,200 have college

degrees (all baccalaureate or higher). Among skilled craftsmen, 32% of those

earning less than $500 have less than a high school education. Education be-

yond the level of an armed services of vocational-technical school has no ap-

preciable effect on the earning power of the skilled craftsmen. Figure 19

shows the relative effect of,education on salaries for all employees in the sur-

vey. The figures in each column are the percentages of personnel according to

FIGURE 19

EFFECT OF EDUCATION ON SALARIES OF ENGINEERING RELATED PERSONNEL

Percentages of Personnel

Arm Coll BS BS BS MS

Monthly Salary Total Personnel SUB HS HS Serv VT ND AA Eng BA MA DR
*dog. .111.11R ...MO I +Or O. , -

Under $500 272 6 i21 13 10 34 5 2 5 2 0

$501 - $700 1267 2
I.22 13 10 32 ' 7 6 7 1 0

$701 - $900 1023 0 11 8 7 1 26 4 30 i 8 5 0

1

$900 - $1,200 916 1

Above $1,200

3 4 2 12 3 153 I7 12 3

419 0 1 1 1 9 0 48 5 20113
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TABLE 26
SALARY RANGES ACCORDING TO LEVELS OF EDUCATION

(RESPONSES IN PERCENTAGES)

SUB HS Less than high school AA Associate degree (any kind)

HS High school BS Baccalaureate in engineering

ARK SERV Axued services school BA Non-engineering baccalaureate

VT Vocational-Technical school MS Master's degree

COLL Some college but no degree DR Doctorate

TOTAL
ENGINEERS EMPLOYEES SUB

HS HS
ARM
SERV VT COLL AA BS BA MS

UNDER S 500 15 0 7 7 20 7 0 27 13 13

501 700 112 0 4 3 5 15 4 45 18 4

701 900 456 0 3 2 1 11 3 57 13 10

901 1200 787 0 2 2 1 10 2 59 6 14

ABOVE 1200 384 0 1 1 0 8 1 50 6 21

ASSOCIATE ENGINEERS

UNDER S 500 9 0 11 0 0 78 11 0 0 0

501 700 142 1 32 8 4 30 5 12 6 1

701 900 178 1 19 6 8 41 4 15 5 1

901 1200 44 9 11 16 5 27 7 9 14 0

ABOVE 1200 14 0 7 0 7 21 0 57 0 0

TECHNICIANS

UNDER S 500 223 4 22 14 11 36 5 1 5 1

501 700 901 1 23 12 11 36 8 1 7 0

701 900 342 1 14 15 13 37 7 4 5 1

901 1200 80 0 9 14 10 27 9 13 9 4

ABOVE 1200 20 5 15 5 5 30 0 5 0 0

SKILLED CRAFTSMEN

UNDER $ 300 25 32 24 16 4 16 4 0 4 0

501 700 112 8 24 30 16 18 1 0 1 0

701 93C 47 2 32 28 17 17 0 2 0 2

901 :200 5 0 0 80 0 0 0 20 0 0

ABOVE 1200 1 0 0 0 0 0 0 0 0 100

ALL ENGINEERING RELATED PERSONNEL

UNDER S 500 272 6 21 13 10 34 5 2 5 2

501 700 1267 2 22 13 10 32 7 6 7 1

701 900 1023 0 11 8 7 26 4 30 8 5

901 1200 916 1 3 4 2 12 3 53 7 12

ABOVE 1200 419 0 1 1 0 9 0 48 5 20

DR

7
0
1

3

13

0
0
0
0
0

0
0
0
4

35

o
o

0

0
0

3

13
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their highest levels of education. The blocked-in area represents salary brack-

ets in which 207 or more are concentrated.

Sources of Personnel: It is of considerable importance both to industry and

to schools to know where the present work force was obtained and where employers

would prefer to get personnel for each occupation. Employers were asked their

first three choices in order of preference from a list of five sources. The first

choice in all occupations was promotion from lower level positions in their own

organizations. Second and third choices were from the schools and from other em-

ployers, with a slight preference toward schools in the case of engineers and to-

ward other employers for other occupations. The fourth and fifth sources, which

ranked considerably lower in employer preference, were the armed services and

the unemployed.

Employees were asked to indicate their last full-time job before going to

work for present employers. The average percentages of responses are shown in

Figure 20. Pirating from other employers and changing employers is widespread

in all occupations and represents by far the most important single source of re-

cruitment for engineering and related employment in Arizona. The second major

FIGURE 20

LAST PREVIOUS FULL TIME EMPLOYMENT OF INDUSTRIAL PERSONNEL IN ARIZONA

AVERAGE PERCENTAGES OF RESPONSE

1. Attending School

2. In the Armed Services

3. Similar Job in Another

State

4. Similar Job with Another

Employer in Arizona

5. Lower level job with

Another Employer

6. Higher Level Job

Assc. Skilled

Engineers Engineers Technicians Craftsmen

207 177 107 6%

8% 13% 15% 87

31% 12% 19% 28%

13% 26% 17% 32%

147 207 25% 1%

source is out of state, particularly for engineers and skilled craftsmen. The

armed services contributed appreciable numbers of associate engineers and tech-

nicians. Schools are a major or significant source of engineers, associate en-

gineers, and technicians. The comparatively few associate engineers with de-

grees suggests again that many employees at this level are engineering school

dropouts.

Changing Technical Skills: Employees were asked if the technical skills

and knowledge required for their jobs had changed in the past five years. Em-
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TABLE 27
SOURCES OF PERSONNEL: EMPLOYERS' PREFERENCES

(RESPONSES IN PERCENTAGES)

TOTAL
ENGINEERS EMPLOYEESABCAB

A Employers' first preference
B Employers' second preference
C Employers' third preference

PROMOTION DIRECT
FROM FROM ARMED
WITHIN somas SERVICESCABCABCABC

FROM
OTHER

MaIDYERS
UN..

MIMED

AEROSPACE 184 82 0 1 3 89 2 0 4 8 14 3 82 1 1 2

CHEMICAL 258 63 2 19 4 84 9 0 3 0 25 8 22 0 0 38
CIVIL 871 66 7 8 11 34 27 0 7 8 21 47 24 0 3 23

ELECTRICAL 919 61 1 31 26 12 54 0 1 0 9 79 3 0 1 3

ELECTRONIC 1304 31 5 58 21 66 10 0 6 11 48 23 13 0 1 5

GEOLOGICAL 64 50 2 6 36 42 13 0 9 9 14 47 33 0 0 23

INDUSTRIAL 330 46 30 19 22 14 55 0 2 4 30 49 11 1 0 5

MECHANICAL 993 54 18 12 14 50 28 0 7 2 31 21 36 0 2 11

METALLURGIC 86 56 1 26 19 31 49 0 21 0 24 45 15 0 0 6

MINING 118 47 3 22 22 35 33 0 19 5 31 44 16 0 0 13

NUCLEAR 3 100 0 0 0 0 0 0 0 100 0 100 0 0 0 0

ASSC0ENGINEERS

CHEMICAL 21 90 0 10 0 76 24 0 0 0 10 24 57 0 0 20
CIVIL 411 88 2 3 3 14 8 0 5 3 7 77 11 0 1 72
ELECTRICAL 235 92 0 0 4 66 4 0 23 59 2 9 26 0 0 4

MECHANICAL 231 90 2 2 1 49 44 0 3 3 8 42 46 1 3 3

MINING 4 0 0 75 75 0 0 0 0 0 0 75 0 0 0 3

CONSTRUCTION 302 68 8 13 4 23 20 0 6 9 23 47 11 4 16 30

TECHNICIANS

AERONAUTICAL 372 26 34 1 1 46 13 33 0 4 28 12 15 5 1

CHEMICAL 151 56 11 0 30 26 34 0 10 6 11 48 29 1 2 25

CIVIL 1255 83 5 2 3 13 15 2 3 4 4 70 11 0 1 65

DATA PROCESS 361 82 13 4 13 71 14 1 0 66 4 15 14 0 0 1

DRAFTING 513 44 7 31 4 42 14 0 0 4 42 28 9 0 7 19

ELECTRICAL 339 71 5 0 8 25 12 4 12 22 17 23 22 1 22 12

ELECTRO4:CS 1268 62 8 4 2 22 29 17 38 14 16 27 6 1 1 41

GEOLOGICAL 25 100 0 0 0 68 28 0 0 4 0 32 68 0 0 0

INDUSTRIAL 253 70 0 0 20 7 26 0 8 49 0 74 4 0 0 11

MECHANICAL 516 70 8 4 1 45 12 2 9 22 21 26 34 2 4 19

METALLURGIC 41 78 2 0 0 17 34 0 0 0 22 32 46 0 49 2

NUCLEAR 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

SKILLED CRAJTSMEN
111101110

EXPG MACHINE 439 29 7 36 0 51 20 1 7 3 63 26 9 6 7 26

INSTRUKAKER 70 83 4 6 0 1 71 0 10 3 14 71 1 0 3 9

INSTRU MAN 140 54 14 6 6 28 29 0 10 31 36 34 13 0 4 11

LAY OUTMAN 200 57 8 2 0 17 33 0 7 18 28 34 23 8 27 13

MACH. SET UP 758 75 8 2 0 11 23 2 48 3 17 27 54 6 4 14

MACH. REPAIR 320 74 7 6 1 17 15 0 8 41 20 55 10 2 10 22

TOOL AND DIE 234 44 8 12 0 21 26 0 6 2 46 39 5 3 17 28

4
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TABLE 27 CONTINUED

SOURCES OF PERSONNEL: EMPLOYEES' LAST FULL TIME JOB

(RESPONSES IN PERCENTAGES)

A Attending school D Similar job in Arizona

B Armed services E Lower level job (promoted)

C Similar job in another state F Higher level job (demoted)

TOTAL
ENGINEERS EMPLE

A B C D E F

AEROSPACE 16 13 13 50 13 6 0.

CHEMICAL 89 10 11 28 16 17 9

CIVIL 445 22 7 24 18 17 5

ELECTRICAL 185 28 10 19 18 14 6

ELECTRONIC 465 28 6 36 a la 3

GEOLOGICAL 35 29 3 26 9 6 11

INDUSTRIAL 73 10 5 33 18 15 10

MECHANICAL 334 20 7 31 14 16 5

METALLURGIC 54 20 6 41 9 11 6

,

62 24 13' 21 5 21 10

6 0 0 67 0 17 0
MINING
NUCLEAR

ASSC.ENGINEERS

CHEM/CAL 9 22 11 11 44 0 0

CIVIL 168 17 10 14 20 27 a

ELECTRICAL 91 14 21 13 12 26 7

MECHANICAL 29 24 7 10 21 28 0

MINING 6 17 17 17 0 50 0

CONSTRUCT/ON 89 11 16 11 31 16 7

TECHNICIANS

AERONAUTICAL 58 19 22 24 9 14 3

CHEMICAL 65 12 6 15 17 23 8

CIVIL 436 14 8 11 18 32 a

DATA PROCESS 142 18 27 13 16 13 4

DRAFT:NG 171 15 5 17 20 24 . 10

ELECTRICAL 68 . 9 15 24 21 19 7

ELECTRONICS 425 9 22 23 16 19 5

GEOLOGICAL 14 7 14 14 14 43 7

INDUSTRIAL 66 a 18 23 11 24 5

MECHA'YICAL 119 5 19 19 18 22 2

METALLJRGIC 14 0 7 29 29 36 0

NUCLED 0 0 0 o o o o

SKILLFD CRAFTSMEN

EXP. MACHINE 22 0 0

INSTRU MAKER 15 0 7

INSTRU MAN 30 13 20

LAY OUT MAN 17 18 6

MACH. SET UP 27 4 11

MACH. REPAIR 47 4 13

TOOL AND DIE 34 3 3

23 36 23 14
40 33 13 7

10 37 13 3

35 18 6 12

26 30 4 19
21 30 15 4
41 38 0 12
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TABLE 28

CHANGING TECHNICAL SKILLS
(RESPONSES IN PERCENTAGES)

TOTAL
ENGINEERS EMPLOYEES

.......

PAST FIVE YEARS
EMPLOYER EMPLOYEE
YES NO YES NO

NEXT FIVE YEARS
EMPLOYER
YES NO

AEROSPACE 184 16 99 1 88 13 100 0

CHEMICAL 258 89 82 17 83 16 100

CIVIL 856 445 75 25 69 29 . 12

ELECTRICAL 920 185 99 1 83 16 99 1

ELECTRONIC 1304 465 95 5 91 8 100

GEOLOGICAL, 64 35 97 3 66 31 97

INDUSTRIAL 330 73 97 3 89 10 99 1

MECHANICAL 1007 334 89 11 78 19 95 3

METALLURGIC 86 54 88 8 78 20 97

MINING 118 62 80 20 71 29 94 6

NUCLEAR 3 6 100 0 100 0 100 0

ASSCo ENGINEERS

CHEMICAL 21 9 90 10 100 0 76 0

CIVIL 411 168 91 8 63 35 93 6

ELE TR ICAL 235 91 99 1 88 11 100 0

MECHANICAL 230 29 92 8 72 28 94 6

MINING 4 6 75 25 33 67 75 25

CONSTRUCTION 300 89 90 9 75 21 91 8

TECHNICIANS
NNW11111 11111

AERONAUT I CAL 372 58 56 44 84 12 67 33

CHEMICAL 152 65 87 9 69 28 87 9

CIVIL 1253 436 80 19 62 34 82 18

DATA PROCESS 361 142 100 0 91 8 100 0

DRAFT ING 526 171 76 23 67 28 80 20

ELECTRICAL 339 68 83 12 84 16 84 11

ELECTRONICS 1272 425 97 3 91 8 98 2

GEOLOGICAL 25 14 100 0 64 36 100 0

INDUSTRIAL 253 66 62 9 85 15 59 9

MECAHANICAL 516 119 85 10 73 24 88 6

METALLURGIC 41 14 100 0 79 21 100 0

NUCLEAR 0 0 0 0 0 0 0 0

SKI LLED CRAFTSMEN

EXP o MACHINE 439 22 86 14 55 41 95 5

I NSTR MAKER 70 15 93 7 80 20 97 3

I NSTRU MAN 140 30 90 9 77 20 91 8

LAYOUT MAN 200 17 54 46 35 65 55 42

MACH. SET UP 758 27 90 10 74 26 92 8

MACH. REPAIR 320 47 SO 19 74 21 82 17

TOOL AND DIE 234 34 78 22 71 26 79 22



ALG
GEOM
TRIG
CALC
DIFE

ENGINEERS

SUBJECTS

Algebra
Geometry
Trigonometry
Calculus
Differential

AEROSPACE
CHEM/CAL
CIVIL

ELECTRICAL
ELECTRONIC
GEOLOGICAL

INDUSTRIAL
MECHANICAL
METALLURGIC

MINING
NUCLEAR
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TABLE 28 CONTINUED
CHANGING TECHNICAL SKILLS

IN WHICH EMPLOYERS SAY MORE PREPARATION WILL BE
(RESPONSES IN PERCENTAGES)

PHYS Physics
CHEM Chemistry
GEOL Geology
AMET Applied Metallurgy

Equations NONM Non-Metallic Materials

NEEDED

HYDR
MFG
MACT
MACH

Hydraulics-Pneumatics
Manufacturing Processes
Machine Tools
Machinability

ALG GEOM TRIG CALC DIFE PHU CHEM GEOL AMET NONM HYDR MFG MACT MACH

1

7
29

28
56
13

38
17
36

27
0

ASSC. ENGINEERS

CHEMICAL
CIVIL
EL! TRICAL

MECHANICAL
MINING
CONSTRUCTION

TECHNICIANS

AERONAUTICAL
CHEMICAL
CIVIL

DATA PROCESS
DRAFTING
ELECTRICAL

ELECTRONICS
GEOLOGICAL
INDUSTRIAL

29
69
10

9

25
29

47
48
66

25
20
25

74
76
41

MECAHANICAL 25
METALL,JRGIC 2

NUCLEAR 0

SKILLED CRAFTSMEN

EXPa MACHINE 75
INSfrRAKER 24.

INSTRU MAN 43

LAYOUY MAN 31
MACH. SET UP 11
MACH. REPAIR 27
TOOL AND DIE 32

7 1 1 88 95 87 0
6 5 7 10 70 78 4

34 37 31 31 34 27 32

27 28 30 35 39 10 0

14 15 47 47 81 62 2

13 13 16- 23 66 58 70

36 18 22 22 35 53 4

17 18 15 15 37 24 2

28 30 43 45 79 81 38

27 25 25 31 42 35 42
0 0 0 0 100 100 0

29 29 19 19 29 76 0
69 70 69 69 8 4 5

8 1Q 8 5 9 6 1

9 8 50 49 85 80 3

25 25 0 0 0 0 0
29 29 17 11. 16 9 11

47 43 8 7 48 42 6
20 20 1 0 63 84 0
66 74 2 0 9 4 4

13 77 88 82 68 67 2

22 29 3 2 7 2 3

16 14 30 21 21 s3 0

42 76 22 15 80 51 1

68 52 48 40 60 84 52

41 43 20 13 55 28 2

25 21 4 4 37 29 1

2 2 0 0 17 46 10
0 0 0 0 0 0 0

76 43 10 2 51 3 1

31 31 17 4 19 10 6

26 36 16 16 53 27 1

35 33 8 8 23 16 3

16 17 1 1 14 4 0
30 22 2 0 62 28 0

32 49 4 4 18 6 4

13 94
53 64
8 17

4 9
60 71
41 38

30 50
29 43
81 .66

39 30
0 0

0 0
1 6
7 24

80 83
o o
7 25

64 67
39 24
3 4

0 0
6 33
14 9

2 11
0 8

20 38

25 18
100 56

0 0

37 19
89 86
2 6

22 21
17 26
36 58
46 41

86 8 4
46 55 5
28 11 5

26 2 0
59 37 22
27 20 2

42 98 43
60 72 31
44 48 22

36 33 19
0 0 0

10 38 19
10 4 3
0 20 6

85 84 7

0 .4 0
15 28 14

80 7 66
4 23 26
4 1 3

0 66 1

7 40 18
8 9 28

10 20 33
16 0 8

22 81 48

35 27 34
41 93 20
0 0 0

41 72 .1:3

9 84 97
44 28 27

18 48 45

17 37 4C0

72 41 76
30 63 65

7
5,

5

0
11

41
60
29

19
0

10
2
6

8

0
9

63.

9
2

0

29
25

,3

a

31

29
iC
C

85
9C
12

36
5S
72
65
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TABLE 28 CONTINUED
CHANGING TECHNICAL SKILLS

SUBJECTS IN WHICH EMPLOYERS SAY MORE PREPARATION WILL BE NEEDED

(RESPONSES IN PERCENTAGES)
Computgraphics
English grammar and composition
Vocabulary and comprehension
Oral communications
Business administration
Social studies
Humanities

Machine .Economics
Instrument calibration and

Electricity-electronics
Integrated circuits
Computer programming
Computer technology
Drafting

CGR

measurements ENGL
VOC
ORAL
BADM
SOCS
HUM

ENGINEERS MACE CAL8 ELEC CIRC PRbG CTCH DRFT CGR ENGL VOC ORAL BADM SOCS HUM

AEROSPACE 4 15 8 2 92 87 4 5 7 14 6 5 0 0

CHEMICAL 5 4 6 17 46 51 53 5 10 38 36 37 31 .23 19

C/VIL 19 20 9 49 42 24 20 42 43 43 36 19 11

ELECTRICAL 1 30 91 36 40 11 3 57 34 11 35 33 2 .1

ELECTRONIC 12 24 83 98 81 80 3 19 29 28 33 30 9 43
GEOLOGICAL 2 20 42 '0 56 53 3 39 78 78 77 63 5 5

INDUSTRIA 61 25 65 54 68 51 12 18 44 51 42 64 15 11

MECHANICAL 59 28 38 30 71 70 40 23 66 29 42 61 14 6

METALLURGIC 31 58 59 33 43 42 9 10 57 47 59 66 19 15

MINING 29 29 41 15 51 50 2 24 69 69 65 57 20 9

NUCLEAR 0 0 0 0 100 100 0 0 0 0 0 0 0 0

ASSC, ENGINEERS

CHEMICAL 19 38 10 0 38 38 0 0 48 48 48 48 19 19

CIVIL 3 4 6 2 13 13 10 6 9 10 9 8 5 2

ELECTRICAL 0 73 78 86 93 86 4 73 70 68 66 60 1 1

MECHAN/CAL 51 41 41 37 4 37 51 34 52 10 8 5 3 2

M/NING 0 0 0 0 0 0 0 0 25 25 25 25 0 0

CONSTRUCTION 11 22 33 3 41 18 28 9 44 42 40 46 24 18

TECHNICIANS

AERONAUTICAL 35 71 81 34 11 13 44 5 75 75 72 13 5 2

CHEMICAL 3 68 19 3 21 18 11 15 72 73 49 7 6 6

CIVIL 3 8 6 2 8 9 24 3 12 11 11 5 1 1

DATA PROCESS 2 65 86 85 98 98 65 86 30 30 28 30 3 3

DRAFTING 32 7 16 14 9 11 44 40 17 17 17 11 5 4

ELECTRICAL 8 51 84 51 17 12 22 11 41 48 51 26 22 1

ELECTRONICS 1 89 94 95 54 54 18 3 65 72 66 17 44 45
GEOLOGICAL 8 72 48 0 40 8 4 40 72 32 56 8 0 6

INDUSTRIAL 30 23 32 22 14 21 10 0 53 53 53 13 2 9

MECAHAN/CAL 16 52 41 21 4 5 31 4 47 43 44 15 16 10

METALLURGIC 0 41 44 0 12 10 29 0 46 46 44 7 10 1

NUCLEAR 0 0 0 0 0 0 0 0 0 0 0 0 0

SKILLED CRAFTSMEN

EXP. MACHINE 76 19 41 4 3 4 23 2 46 13 14 4 2 1

INSTR MAKER 87 86 9 9 1 1 76 1 23 84 84 7 0 1

INSTRU MAN 9 70 54 45 19 18 28 4 29 16 16 4 11 19

LAYOUT MAN 31 30 12 4 13 8 39 6 29 30 30 20 18 18

MACH. SET UP 29 31 9 6 10 10 25 3 11 19 19 4 4 7

MACH. REPAIR 38 63 63 32 2 2 46 2 23 60 44 3 3 20
TOOL AND DIE 53 33 22 17 5 18 33 17 15 32 39 4 4 3
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ployers were asked the same question and also if they believed the skills and

knowledge required now would change in the next five years. The results provide

both a measure of the extent of change and the particular occupations where change

is having its greatest impact. Table 28 contains the percentages of affirmative

and negative response by employers and employees. Employers were asked which

subjects in the list of 28 previously cited would need to be strengthened in the

schools as a result of the changes expected to take place. Their responses to

this question are listed in Table 28.

Employers were more inclined to see changes taking place than were men on

the job. They were nearly unanimous in most of engineering and associate engin-

eering fields with the exception of chemical, civil and mining; and even in these

fields, employers of 757 or more of the personnel reported technical changes in

the past five years. Three-fourths or more of all engineers said changes had

taken place. Most associate engineers reported changing skills except in min-

ing. Employers and employees in the technical and skilled occupations indicated

about as much change as in the engineering fields. Employers were in almost com-

plete agreement that in virtually every occupation changes would take place in

the next five years.

The subjects which employers of most personnel feel will need strengthen-

ing in the schools are listed in Figures 21,22, and 23. In almost every occupa-

tion there is strong agreement that more preparation will be needed in technical

FIGURE 21

SUBJECTS IN WHICH EMPLOYERS SAY MORE PREPARATION WILL BE NEEDED FOR ENGINEERS1

ENGINEUTNG EDUCATION ENGINEERING FIELDS AND EMPLOYER AGREEMENT2

Differential Equations Aerospace (887)

Physics Aerospace (95%), Chemical (707), Electronics (81%),

Geological (66%), Metallurgical (79%)

Chemistry Aerospace (877), Chemical (707), Electronics (827),

Geological (58%), Industrial (537), Metallurgical

(81%)

Geology
Applied Metallurgy
Non-Metallic Materials

Hydraulics-Pneumatics
Manufacturing Processes
Machinability

Geological (70%)
Chemical (5370), Electronics (60%), Metallurgcl (81%)

Aerospace (94%), Chemical (64%), Electronics (70%),

Industrial (50%), Metallurgical (66%)

Aerospace (86%), Electronics (59%), Mechanical(60%)

Chemical (55%), Industrial (98%), Mechanical (72%)

Mechanical (60%)

Machine Economics
Instrument Calibration &
Measurement
Electricity - Electronics

Industrial 61%) Mechanical 5970

Integrated Circuits
Computer Programming

Metallurgical 58%)
Electric8l(91%), Electronics (837), Industrial (65%)

Metallurgical 59%)

Electronics
Aerospace (927), Chemical (51%), Electronics (817),

Geological (56%), Industrial (68%), Mechanical(7170)



Figure 21, contd.

Computer Technology
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Aerospace (87%), Chemical (51%), Electronics (80%),
Geological (53%), Industrial (51%),. Mechanical(70%)

',lining (50%)

Computergraphics
English (writing)

Electrical (57%)

Vocabulary (reading)
Oral (speaking)
Business Courses

Geological (78%), Aechanical (66%), Metallurgical
(57%), Mining (69%)

Geological (78%). Industrial_1512,11_12a_O5%1
Geological (77%) Metallurgical (59%) limning (657

Geological (63%), Industrial (61%), Metallurgical
(66%), Mining (57%)

1
These are the subjects in which employers of 50% or more of present person-

nel say additional preparation will be needed as a result of changes expected
in the occupation in the next five years.

2 Percentages are given of present employees whose employers believe more
preparation will be necessary.

subjects related to the field. A need for more preparation in mathematics and
science is indicated in some occupations at each level of employment. The

subjects in which more preparation will be needed for a majority of engineering
fields are physics, chemistry, non-metallic materials, computer programming,
computer technology, and business courses. Those for a majority of technical
fields are physics, instrument calibrations and measurements, English gramllar
and composition (writing), and oral communications (speaking). For a major-

ity of the skilled crafts they are machine tools and machinability.

FIGURE 22

SUBJECTS IN WHICH EMPLOYERS SAY MORE PREPARATION WILL BE NEEDED FOR TECHNICIANS
1

TECHNICAL EDUCATION
Algebra
Geometry
Trigonometry

Differential E uations
Physics

Chemistry

Geology
Applied Metallurgy

TECHNOLOGY FIELDS AND EMPLOYER AGREEMENT2
Civil (66%), Electronics (74%), Geological (76%)
Civil (66%), Geological (68%)
Civil (74%), Data Processing (77%), Electronics
(76%), Geological (52%)
Data Processing 82%)

Chemical (63%), Data Processing (68%), Electronics

80%), Geological 60%) Industrial (55%
Chemical (84%), Data Processing (67%), Electronics
(51%), Geological (84%)
Geological (51%)
Aeronautical (64%), Metallurgy (100%)

Non-Metallic Materials
Hydraulics-Pneumatics
Manufacturing Irocesses

Aeronautical (67%), Metallurgical (59%)

Machine Tools
Machinability

Aeronautical 80%
Data Processing (66%), Industrial (81%), Metallur-
gical (93%)
Aeronautical (66%)
Aeronautical (63%)



Figure 22, contd.

Instrument calibration
and Neasurements

Electricity-Electronics

Integrated Circuits
Computer Programming
,Computer Technology

Drafting
Writing

Reading

Speaking
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Aeronautical (78%), Chemical (68%), Data Processing

(65%), ElLctrical (51%), E1t2ctronics (897),

Geolcgical M2chanical (52%)
Aeronautical (81%), Data Processing (86%), Elec-

trical (84%), Electronics (98%)

Data Processing 857), Electronics (947

Data Processing (98%), Electronics (54%)

Data Processing (96%), Electronics (54%)

Data Processing (65%)

Aeronautical (75%), Chemical (72%), Electronics(65%)

Geological (72%), Industrial (54%)

Aeronautical (75%), Chemical (73%), Electronics(72%)

Industrial (53%)
Aeronautical (72%), Electrical (51%), Electronics

(66%) Geological (56%). Industrial (53%)

1
These are the subjects in which employers of 50% or more of the present

personnel say additional preparation will be needed as a result of change ex-

pected in the next five years.

2
Percentages are given of present employees whose employers believe more

preparation will be necessary.

FIGURE 23

FIELDS IN ASSOCIATE ENGINEERING AND SKILLED CRAFS IN WHICH EMPLOYERS

SAY MORE PREPARATION WILL BE NEEDED

ASSOCIATE ENGINEERING
Chemical
Civil

SUBJECTS AND EMPLOYER AGREEMENT
2

Chemistry (76%)

Electrical

Algebra. (69%), Geometry (69%), Trigonometry (70%),

Calculus (69%) Differential Ecmatic2a§oy_KL___
Instrument Calibration and Measurement (73%), Elec-

tricity-Electronics (78%), Integrated Circuits(86%)

Computer Programming (93%), Computer Technology

(86%), Computergraphics (73%), Writing (70%),

Reading (68%), Speaking (66%), Business Courses

(60%

Mechanical Calculus (50%), Physics (85%), Chemistry (80%), Ap-

plied Metallurgy (80%), Non-Metallic materials(83%)

Hydraulics-Pneumatics (84%), Manufacturing Process

(84%), Machine economics (51%), Drafting (511),

Writing (52%)

SKILLED CRAFTS
Experimental Machinist

SUBJECTS AND EMPLOYER AGREEMENT
2

Algebra (75%), Geometry (76%), Physics (517), Manu-

facturing process (72%), Machine tools (88%), Mach-

inability (89%), Machine economics (76%)
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Instrument Maker

Instrumentman

Maintenance Machine Re-

pairman
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Applied metallurgy .(89%), Non-metallic materials
(86%), Manufacturing processes (84%), Machine tools

(97%), Machinability (90%), Machine economics(87%),
Instrument Calibration and Measurements (86%),

Drqfting (76%), Reading (84%), Speaking (84%)

Physics (53%), Instrument Calibration and Measure-
ment (70%), Electricity-Electronics 54%)

Physics (62%), Non-Metallic Materials (58%), Hyd-
raulics-Pneumatics (72%), Machine tools (76%),
Machinability (72%), Instrument Calibration and
Measurements (63%), Electricity-Electronics (63%)

Reading (60%)

Tool and Die Maker Manufacturing processes (63%), Machine tools (65%)

Machinabilitv (69%), Machine economics (53%)

1These are the subjects in which employers of 50% of more of present person-

nel say additional preparation will be needed as a result of changes expected in

the occupation in the next five years.

2Percentages are given of % employees whose employers believe more prepara-

tion will be necessary.

Suggested Educational Development in Arizona: Employers were asked for

opinions on several subjects affecting the education and training of person-

nel. Their responses are shown in Table 29, and also in graphic form in Fig-

ure 24. They are given as percentages of employees in each occupation whose

employers are in favor of the action. The numbers on the graphs correspond

to the same occupations included on previous graphs in this chapter.

Cooperative school-industry programs in which students spend part of their

time in school and part on the job are favored by the employers of a majority

of engineers except those in electronics and mining. They are favored for as-

sociate chemical and mechanical engineers and construction engineers, but the

employers of only a minority in civil and electrical engineering favor such

programs. The technical fields in which employers of a majority of the per-

sonnel favor cooperative work-industry programs are aeronautical, data process-

ing, industrial, mechanical, and metallurgical. All of the skilled crafts are

in the majority except instrument makers.

Special programs in schools to upgrade experienced employees from lower

level occupations are generally not favored in engineering except for aeronau-

tical, civil and mechanical. They are generally favored for associate engin-

eers, technicians, and skilled craftsmen except to some extent in civil tech-

nology, electrical technology, geological technology, and machine set-up men

categories. Employers in three occupations are in such agreement in favor of

both programs that either they are having unusual difficulties in getting pro-
perly trained men or they recognize a particularly urgent need for closer co-

operation with schools. These occupations are aeronautical engineering, assoc-
iate mechanical engineering, and data processing technology. A desire for pro-

grams in schools to upgrade metallurgical technicians is also nearly unanimous
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TABIE 29
SUGGESTED EDUCATTONAL DEVELOPMENT IN ARIZONA

(RESPONSES IN PERCENTAGES)

A Cooperative work-study programs
B Expand present enrollment
C Add new programs

D Establish special programs to
upgrade present employees

E National registration or certification

ENGINEERS
TOTAL
EMPLEE

A
YES NO YES NO YES NO YES NO YES NO

AEROSPACE 184 97 2 7 0 89 0 91 3 89 8

CHEMICAL 258 52 20 55 4 88 4 12 21 26 7
CIVIL 871 64 12 17 12 50 19 62 11 57 13

ELECTRICAL 919 68 28 37 53 38 55 13 4 15 6
ELECTRONIC 1304 28 19 58 5 47 1 45 50 5 34
GEOLOGICAL 64 72 22 36 22 56 13 42 16 30 52

INDUSTRIAL 330 50 31 60 68 8 29 30 27 15
MECHANICAL 993 72 16 65 13 71 4 62 27 23 52
METALLURGIC 86 53 23 42 12 51 19 50 9 19 20

MINING 118 47 16 31 19 23 16 27 17 35 31
NUCLEAR 3 0 0 100 0 100 0 100 0 0 100

ASSC.ENGINEERS

CHEMICAL 21 76 0 57 19 48 29 48 10 38 10
CIVIL 411 24 6 18 8 19 -,a1 25 4 *26 3

ELECTRICAL 235 28 67 72 4 87 '4 86 3 8 26

MECHANICAL 231 88 8 52 5 92 5 91 4 40 513

MINING 4 0 0 0 0 0 0 0 0 0 0
CONSTRUCTION 302 60 22 40 16 61 6 59 8 27 44

TECHNICIANS

AERONAUTICAL 372 61 13 72 2 91 0 62 5 61 6
CHEMICAL 151 44 42 39 13 56 6 58 3 21 58
CIVIL 1255 29 66 16 10 23 6 28 4 17 11

DATA PROCESS 361 93 2 85 2 93 2 86 9 2 81
DRAFTING 513 48 17 45 17 73 11 73 '14 20 22
ELECTRICAL 339 46 13 22 17 51 14 48 8 34 25

ELECTRONICS 1268 28 29 75 6 92 3 70 13 19 30
GEOLOGICAL 25 16 40 8 8 76 8 44 0 12 8

INDUSTRIAL 253 64 4 43 10 77 11 74 17 3 15

MECHANICAL 516 64 22 58 12 83 4 82 5 49 32
METALLURGIC 41 66 32 10 0 54 0 95 0 32 5
NUCLEAR 0 0 0 0 0 0 0 0 0 0 0

SKILLED CRAFTSMEN

EXP. MACHINE 439 59 2 65 1 71 2 55 19 15 29
INSTRU MAKER 70 33 0 79 0 77 0 81 0 17 0

INSTRU MAN 140 58 9 51 12 79 4 65 5 21 17

LAY OUT MAN 200 62 23 60 8 75 8 67 8 28 38
MACH. SET UP 758 80 11 27 52 38 48 32 54 7 64
MACH. REPAIR 320 60 26 56 26 88 2 84 8 22 45
TOOL AND DIE 234 70 15 58 14 69 11 60 21 21 35
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FIGURE 24
ARIZONA EMPLOYERS WHO FAVOR

CERTAIN EDUCATIONAL SUGGESTIONS

1 ASSOC. ENG. 1 TECHNICIANS ISKILLED CRAFTSMEN

%

%

/
/

V

A
/ \

%

\ I
% i
4

/

'

%
N.,

/1

Nik

\
.'d

/
/

;
l'
II A

t ..
\

i

.

,)
"

\

...

/ / --

I

- -

/

\ /

V%

-

100

80

60

40

20

o

1.00

80

60

40

20

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 9
Cooperative school-industry programs
Special programs in the schools to upgrade experienced employees

%

%

.,..... --.,

.

,

/

/

e \
..,,,

A
;

. ,

,

/

.....'t/ ..__.. ,.

,

.... ...

1
7.,,,
/

/

N % V
' \

. ,
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33

Expanding enrollments in Arizona schools
Adding new programs in Arizona s hools

National registration or certification of employees
based on uniform standards

2 3 4 5 6 7 8 9 10 11 12 13 l4 15 16 17 18 19 20 21 22 23 24 25 26 27 28

itti vs #4. vs% A, vet., teeAc AsNek.,:vtil, 400 v
% 're Mto_VP444A 46 .e '`e 3eP 44 4 (All % 4'4:4 .e. 4411A .e.r .e. c. 3e cbct oqp 0 eieo4AN

qreg S'Ac:felk. gleqle% t'p le 1' le e le %
qie el ?

29 30 31 1213

3 %to
t dZol+

)e 6



110

among employers.

Support for increasing enrollments in present programs and adding new pro-
grams follows a similar pattern e=ept in fields where Arizona does not have ed-
ucational programs at the present time such as geological and metallurgical tech-
nology. Employers of a substantial majority of personnel in these occupations
are in favor of adding new programs. Only minor support was expressed for either
expanding enrollments or adding programs in five occupations: electrical engin-
eering, mining engineering, associate civil engineering, civil technology, and
the machine set-up craft. Considerable support was expressed, especially for
adding new programs, in nine occupations: aerospace and chemical engineering,
associate electrical engineering, associate mechanical engineering, aeronautical
technology, data processing technology, electronics technology, mechanical tech-
nology, and the maintenance machine repair craft. Employers of a majority of
personnel favor expanding enrollments or adding new programs in fifteen occupa-
tions in addition to the nine, with the strongest support. These include four
engineering fields: electronics, geological, industrial and mechanical; associ-
ate chemical engineering; construction; six technical fields: chemical, drafting,
electrical, geological, industrial, and metallurgical; and five skilled crafts:
experimental machinist, instrumentman, instrument maker, lay-out man and tool and

die maker.

The employers of only a minority in all but three occupations were in favor
of national registration or certification based on uniform standards. The three
exceptions were aerospace engineers, civil engineers, and aeronautical techni-
cians. In five occupations support was less than la: electronic engineering,
electrical associate engineering, data processing technology, industrial tech-
nology, and the machine set-up craft.

Educational Choice: Employees were asked to identify the schools from
which they received their highest degree, diploma, or certificate, and to state
the reasons for their choice. Less than one-third of the personnel in Arizona
industry are represented since data are available only on those who returned
questionnaires. From these data, however, the leading educational institutions
are listed in Table 30, with a statistical tabulation of the reasons for their
selection. Arizona schools are well represented in all occupations. Heading
the list of engineering graduates are the University of Arizona with 259 and
Arizona State University with 126, followed by UCLA with 43 and Purdue with 26.
Twelve engineers received their highest degrees in the two-year technology pro-
grams at Northern Arizona University and Phoenix College. Eleven are Arizona
high school graduates with no college degrees.

The U of A and ASU have also produced the largest number of associate en-
gineers with 25 and 20 respectively, followed by 13 from Phoenix College and 10
from the International Correspondence School in Illinois. Five associate engin-
eers have degrees from NAU, and 29 are Arizona high school graduates with no
college degrees. Phoenix College and ASU lead in the number of technicians re-
porting with 85 from PC and 81 from ASU. Next are the armed services with 43,
the U ofA with 25 and NAU with 15. Seventy-two technicians are Arizona high
school graduates with no degrees and 6 are graduates of other Arizona junior col-
leges. Of the skilled craftsmen who answered the survey, 15 were Arizona high
school graduates and 10 have degrees from Arizona junior colleges or universities.
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TABLE 30
EDUCATIONAL CHOICE

(RESPONSES IN PERCENTAGES)

ABCD Schools are listed on
following pages of table
ranked by largest number
of graduates in occupation

E Convenient location I Influenced in high school

F Financial reasons J Influenced by friend3

G Family Influence K Influenced by the school

H Reputation of school L Would make IMMO choice today

TOTAL
'ENGINEERS EMPLOYEES ABCDSams EFGHIJKREASONS FOR CHOICE TODAY

AEROSPACE 16 6 0 0 0 38 44 0 50 0 6 0 44

CHEMICAL 89 6 4 3 2 39 26 4 46 7 go 7 56

CIVIL 445 18 7 4 2 56 23 9 49 6 7 3 67

ELECTRICAL 185 23 7 4 4 57 21 11 42 3 9 3 64

ELECTRONIC 465 10 7 3 3 58 26 8 37 3 5 4 57

GEOLOGICAL 35 34 9 6 3 34 20 6 54 3 6 3 63

INDUSTRIAL 73 7 3 1 0 45 22 7 41 8 11 5 45

MECHANICAL 334 17 7 4 2 55 24 9 43 7 7 4 60

METALLURGIC 54 19 7 4 2 41 30 6 56 4 4 2 54

MINING 62 29 6 3 2 58 18 10 61 11 11 8 63

NUCLEAR. 6 17 0 0 0 17 33 0 83 0 0 50

ASSC. ENGINEERS

CHEMICAL 9 22 11 0 0 33 22 22 33 022 11 44
168 9 7. 4 3 44 16 12 24 7 10 5 45

ELECTRICAL 91 7 5 4 3 46 12 11 27 7 8 5 41

MECHANICAL 29 7 3 0 0 52 24 3 10 7 14 7 52

MINING .6 17 0 0 0 67 17 17 33 33 17 0 33

CONSTRUCTION 89 8 4 3 2 48 8 13 29 7 3 2 46

TECHNICIANS

AERONAUTICAL 58 5 .3 2 0 48 16 12 36 5 9 9 59

CHEMICAL 65 6 .5. 3 2 49 14 14 14 5 14 5 /40

CIVIL 436 6 5 3 2 48 12 12 19 7 8 6 46

DATA'PROCESS 142 6 4 4 2 45 17 8 23 6 6 4 45

DRAFTING 171 11 6 6 2 57 16 8 19 6 9 8 52

ELECTRICAL 68 6 3. 1 0 43 16 12 24 6 7 6 37

ELECTRONICS 425 7 4 3 2 39 18 4 29 6 7 7 40

GEOLOGICAL 14 14 7 .0 0 57 0 0 36. 7 0 7 43

INDUSTRIAL 66 6 5 2 0 53 18 11 15 '3 8 11 41

MECHANICAL 119 5 4 2 1 44 12 7 17 6 5 8 42

METALLURGIC 14 7 0 0 0 36 21 7 29 0 0 0 43

NUCLEAR 0 0 0 0 0 0 0 0 0 0 0 0 0

SKILLED CRAFTSMEN

EXP. MACHINE 22 5 0 0 0 18 5 14 18 0 9 0 32

INSTR MAKER 15 7 0 0 0 47 20 7 47 20 0 20 33

INSTRU MAN 30 10 7 3 0 43 3 10 20 3 10 7 43

'LAYOUT MAN 17 18 6 0 0 18 18 0 24 6 0 6 35

MACH. SET UP 27 7 4 0 0 41 7 4 30 4 4 0 56

MACH. REPAIR 47 4 2 0 0 28 17 9 15 0 4 9. 34

TOOL AND DIE 34 6 3 0 0 38 15 9 21 12 6 6 38
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TABLE 30 CONTINUED
EDUCATIONAL CHOICE

SCHOOLS RANKED BY NUMBER OF GRADUATES IDENTIFIED IN SURVEY

The s-chools listed below for each occupation are those from which the largest num-

ber of graduates were identified from questionnaires returned.

ENGINEERS

AEROSPACE
A. Ten schools, including ASU (1 each)

CHEMICAL
A.

B.

C.

D.

CIVIL

UCLA (5)
U of A, Purdue (4 each)
Ohio State, U of Michigan, Northwestern, ASU,

Illinois, NAU, Cincinnati (2 each)

Add. Ariz. Schools: PC (1); Ft. Thomas HS (1)

Texas A &

; Nogales

A. U of A (82)
B. ASU (29)

C. Iowa State U (16)

D. UCLA (10)
Add. Ariz. Schools: PC (7); PUHS (2); Tucson HS (2);

Nogales HS (1); Prescott HS (1)

ELECTRICAL
A. U of A (42)

B. ASU (13)
C. Purdue (8)

D. UCLA (7)
Add. Ariz. Schools: Tucson HS (1)

ELECTRONICS

A. ASU (45)
B. U of A (32)
C. UCLA (14)
D. Illinois (12)

GEOLOGICAL
A. U of
B. N.M.

Add.

C:7 INDUSTRIAL
A. ASU (5)
B. U of Pittsburgh, PC NAU, Mohawk Valley Community College, U of A, GE (2 each

M (3 each)

HS (1).

A (12)
Inst. of Mining & Tech., Colorado School of Mines (3 each)

Ariz. of Schools: ASU (1)

MECHANICAL
A. U of A (57)

B. ASU (22)

C. Purdue (14)

D. UCLA (7)
Add. Ariz. Schools: Tucson HS (1); PC (1)
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ENGINEERING (Continued)

flETALLURGICAL
A. U of A (10)
B. U of Missouri, Colorado School of Mines (4 each)
C. St. Paul's Bible College (2)
D. Fifteen schools, including PC (1 each)

INING
A. U of A (18)
B. Colorado School of Hines (4)
C. U of Mo, Montana College of Mineral Science, Wisconsin State U,

U of Idaho, U of Washington (2 each)
D. Fifteen schools, including Tempe Union HS (1 each)

NUCLEAR
A. Six schools, none in Arizona.

ASSOCIATE ENGINEERS

CHEMICAL
A. U of A (2)
B. Seven schools, including ASU (1 each)

CIVIL
A. U of A (15)
B ASU (11)
C. International Correspondence School-Ill. (6)
D. PC ICS-Penn, Flagstaff HS (5 each)

Add. Ariz. Schools: NAU (4); Miami HS (3); West HS (2); PUHS (2);
Tucson HS (2); Holbrook HS (2)

ELECTRICAL
A. Asu (6)
B. PC (5)
C. ICS-Ill., U of A (4 each)
D. Phoenix Union HS (3)

Add. Ariz. Schools: Tucson HS (2); NAU (1)

MECHANICAL
A. Phoenix Union HS, ASU (2 each)
B. Six schools, including U of A (1 each)

MINING
A. Six schools, including Hohave County HS (1 each)

CONSTRUCTION
g A. ASU (7)

B. Phoneix Union HS (4)
C. U of A, PC (3 each)
D. Iowa State U (2)

Add. Ariz. Schools: Glendale Union HS, Apprenticeship Council,
Tucson HS (1 each)
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TECHNICIANS

AERONAUTICAL
A. Spartan Institute of Tech., PC (3 each)

B. Reedley, PUHS, Pittsburg Institute of Tech., Northrup Institute, of Tech.

(2 each)

C. Thrity-one schools, including Uashington HS, ASU, Prescott HS (1 each)

CHEMICAL
A. ICS-Penn. (4)
B. ASU (3)
C. USAF-Intelligence, ICS-Ill. (2 each)

D. Thirty-nine schools, including PUNS, St. Mary's,AS, Catalina HS,

Bisbee HS, U of A, EAJC (1 each)

CIVIL
A. PC (27)

B. ASU (22)
C. NAU (12) .

D. U of A (10)
Add. Ariz. Schools - (18)

1

DATA PROCESSING
A. PC (8)
B. DeVry Technical Institute, USAF (6 each)

C. ASU, Central Technical Institute (5 each)

D. U of A, North HS, USN-Electronics, USA (3 each)

Add. Ariz. Schools: Yuma HS (2)

DRAFTING
A. PC (18)
B. ASU (11)
C. Phoenix Union HS (18)
D. North HS, ICS-ILL (3 each)

Add. Ariz. Schools: (8)

ELECTRICAL.
A. PC (4)
B. ICS-Penn., USAF, U of A (2 each)

Add. Ariz. Schools: Grand Canyon College, North HS, Ricon HS,
Yuma HS (1 each)

ELECTRONIC.
A. ASU (28)
B. PC (16)
C. USN-Electronic (11)
D. Federal Aviation Academy (10)

Add. Ariz. Schools: U of A (6); Mesa Community College (3); NAU (2)

GEOLOGICAL
A. ASU U of A (2 each)
B. Glen's Falls HS, Calif. State Polytechnic College, Palomar College,

College of Southern Utah (1 each)
Add. Ariz. Schools: Valley Union ES, Globe HS (1 each)
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TECHNICIANS (Continued)

INDUSTRIAL
A. PUBS, ASU (4 each)

B. PC (3)
Add. Ariz. Schools: (7)

MECHANICAL
A. PC (6)

B. ASU (5)

C. EAJC, USA, USN, U of A, USAF (2 each)

D. Sixty-four schools, including Winslow HS, Mohave Union HS,

Prescott HS, Union HS, Tucson HS (1 each)

METALLURGICAL
A. Thirteen schools, including Miami HS, U of A, NAU (1 each)

NUCLEAR
None

SKILLED CRAFTSMEN

EXPERLIENTAL MACHINIST
A. Four schools, including Scottsdale HS, PC, PUHS (1 each)

INSTRUMENT MAKER
A. Eight schools, none in Arizona

INSTRUIIENT MAU
A. Spartan School of Aeronautics (3)

B. Tucson HS, Union HS (2 each)
C. Fourteen schools, including ASU, Yuma HS, Cochise College (1 each)

LAYOUT MAN
A. PC (3)

B. Seven schools, including Sheet Metal Apprentice School, West HS (1 each)

MACHINE
A.

B.

'LACHINE
A.

B.

SET-UP MAN
ASU (2)
Thirteen schools, including North HS (1 each)

REPAIRMAN
USA, PUHS, USAF (2 each)
Twenty-three schools, including PUHS, Casa Grande HS, North HS,

Glendale Community College, Tucson HS, U of A (1 each)

TOCL & DIE MAKER
A. ICS-Ill., Tucson HS (2 each)

B. Twenty-five schools, none in Arizona.
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Arizona institutions rank first in 30 of tha 35 occupations reporting

graduates in the survey, and rank first or second in all but two. They account

for approximately 20% of the engineering, technical, and skilled industrial

employees in the state. The leading out-of-state schools with engineering

gradautes reported in the survey are UCLA with 43 and Purdue with 26. The

only out-of-state schools contributing any number of associate engineers are

the International Correspondence Schools in Illinois and Pennsylvania, with

10 from Illinois and 5 from Pennsylvania. Six technicians came from the ICS

in Pennsylvania and 6 from DeVry's Technical Institute in Chicago. The lar-

gest number of technicians reporting out-of-state training are 28 graduates

of armed services schools. No out-of-state educational institution was listed

by more than two skilled craftsmen.

Roughly half of the engineers, associate engineers, and technicians said

they attended their particular schools for V.470 reasons: convenience of loca-

tion, and the reputation of the school. A substantial number also listed fi-

nancial aid or scholarships as a reason. Relatively few reported that their

choice was greatly influenced by their families, friends, high school coun-

selors or teachers, or representatives of the college. Most engineers would

make the same choice again if they were doing it today, but less than half

of the associate engineers, technicians, or skilled craftsmen say they would

do so.

Summary

A survey of employment characteristics and educational needs was conduc-

ted in all fields of engineering, technology, and the skilled industrial crafts

in Arizona during the summer of 1967. Participating were 95% of the employers

of engineering and related personnel representing 98% of such employees. Com-

pleted employer interviews number 1,570, and 13,589 questionnaires were given

to employees. Of these, 29%, or 3,926, were completed and returned. The data

were processed and tabulated in twenty summary tables containing forty-three

pages of statistics. Thirty-six basic occupational categories were studied.

The importance of eighteen skilled activities was examined in each occupation,

and the need for twenty-eight educational courses was assessed. Educational

levels required, preferred, and actually achieved by present employees were

identified separately for each occupation. Considerable data were collected

regarding employee characteristics, employment practices, continuing educa-

tion, career success, and changing skill requirements.

Employers of 66% of all engineers say they require a baccalaureate degree

in engineering, and 55% of engineers have this degree. An additional 10% have

non-engineering baccalaureate degrees. The preference by employers for a mas-

ter's degree is 30% and a doctor's degree 8%, and the number of engineers hold-

ing these degrees represent 15% and 5% respectively. The minimum requirement

for most associate engineers and technicians is high school or vocational-tech-

nical school and the preference is an associate degree. Most of the personnel

in these occupations have high school diplomas and more than one year of col-

lege without a degree. The skilled crafts require high school or less. Em-

ployers prefer vocational training either in school or in the armed forces,

and most employees have this kind of training.
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Nearly half of the engineers report that they were in the upper 10% of

'gh school classes and nearly three-fourths were in the upper quarter.

lf of the technicians and skilled craftsmen identified themselves in

arter and between 80 and 90% in the top half of their high school

their h
Nearly h
the top qu
classes.

Mathematics through trigonometry is considered necessary for almost all

engineers and hree-fourths of technicians and skilled craftsmen. Calculus and

differential eq ations are needed by 50 to 75% of the engineers and by one-fourth

of personnel in every occupation. The need for physics and chemistry ranges

from nearly all engineers and half to three-fourths of technicians to between

one-fourth and one-half of skilled craftsmen. Physics is used more than chem-

istry. Various engi eering sciences and technical courses are required by

substantial majorities in some occupations and used very little in others.

A strong need was expressed in all occupations -- strongest in engineering but

by more than three-fourths of the technicians and half of the skilled crafts-

men -- for every form of communications: graphic, written, oral and reading.

Business courses were reported necessary by two-thirds of the engineers, one-

third of the technicians, a d 20% of the skilled craftsmen.

The skilled activities performed by engineers, technicians, and craftsmen

differ a great deal according to the field or area of specialization, but con-

siderable overlapping occurs. There are no activities significantly important

to technicians and skilled craftsmen that are not equally important, or very

nearly so, to engineers. Activiti s perforMed 17 substantial numbers of per-

sonnel in nearly all occupations include: research; supervision; quality con-

trol; testing; instrumentation; drafting; and writing technical reports. Host

of the technical knowledge and skills used on the job were learned on the job

by a third of the engineers, more than half of the associate engineers and

technicians, and three-fourths of the craftsmen. Wbrk experience is surpassed

as the major source of technical knowledge only by college for engineers, and

followed by college, vocational-technical schools, and military service for

technicians and skilled craftsmen.

On-the-job training and continuing education in the schools are made
available by the employers of a majority of personnel in nearly all occupations.

Employers are about equally concerned with updat'ng skills and knowledge, ad-

vancement to higher positions, and providing their employees with a broad educa-

tioaal background. They are less concerned with making up deficiencies in the

previous education their employees have received. The major purposes for
which all personnel continue their education after employment are to acquire
technical or professional knowledge needed on the job and their own self-im-

provement.

The majority of engineers and associate engineers in Arizona are in their
30s and 40s, have had ten years or more experience, and earn $900 to $1,200

or more per month if they are engineers, $700 to $900 if they are associate en-

gineers. Technicians as a group are younger, have had less experience, and earn

less money. lost of them are in their 20s and 30s, and many have had experience
as skilled craftsmen. Their salaries for the most part range from $500 to $900

per month. Skilled craftsmen are older and have had more experience than either
engineers, associate engineers, or technicians. Uore than two-thirds are over
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40 and more than one-third are over 50. They earn slightly more than technicians.

Wages and salaries of all personnel show a noticeable relationship with educe-

tational levels reached.

Pirating from other employers or changing employers, is widespread in all

occupations and represents by far the most important source of recruitment for

engineering and related employment in Arizona. The second major source is out

of state, particularly for engineers and skilled craftsmen. The armed services

contribute appreciable numbers of associate engineers and technicians. The

schools are a major or significant source of engineers, associate engineers, and

technicians.

The technical skills and knowledge required in all occupations have changed

for substantial majorities of employees in the past five years and there is vir-

tually unanimous agreement that additional changes will take place in the next

five years. The occupations in which changes have been fewer than in others

are chemical, civil and mining, but even in these fields 757 or more the em-

ployees have been affected. In almost every occupation the changes expected in

the next five years will require more preparation in technical subjects re-

lated to the field. More preparation in mathematics and science will be needed

in some occupations at each level of employment -- engineering, technology, and

skilled. The subjects in which a need for more preparation is indicated for

most engineering fields are physics, chemistry, non-metallic materials, compu-

ter programming, computer technology, and business courses. For a majority of

technical fields they are physics, instrument calibrations and measurements,

writing, and speaking. For the skilled crafts they are machine tools and mach-

inability.

Arizona employers are generally in favor of developing cooperative school-

industry educational programs in which students spend part of their time in

school and part of their time on the job. Special programs in the schools to

upgrade experienced employees from lower level occupations are favored in most

of the skilled and technical occupations and three fields in engineering. Em-

ployers of a majority of personnel in twenty-three occupations are in favor of

expanding enrollments or adding new programs or both in Arizona schools. Na-

tional registration or certification of engineers and technicians has the sup-

port of a minority of employers.

Approximately 207 of the engineers, technicians, and skilled craftsmen

who completed questionnaires in the survey received their highest degree or

diplomas from Arizona institutions. The four leading schools with numbers of

graduates reported in engineering were the U of A (259), ASU (126), UCLA (43),

and Purdue (26). In associate engineering they were the U of A (25), ASU (20),

Phoenix College (13), and the ICS in Illinois (10). In technology the leading

schoolsreported were Phoenix College (85), ASU (81), armed services schools

(43), and the U of A (25). Half of those reporting said the convenient loca-

tion and reputation of the school were major reasons for their choice. Only

a small percentage indicated family influence or the influence of friends,

high school faculty, or college representatives in choosing the school from

which they graduated. Between 50 and 607 of the engineers, and 40 to 507. of

the associate engineers and technicians said they would select the same

school if they were making their choice today.
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The data presented here are subject to all of the questions and criticism

that may be raised about the results of any survey, especially one in which

personal opinions and judgments are asked for. In addition to the subjective

nature of many of the responses, the information received from employees rep-

resents only one-third of the entire group. In the skilled crafts less than

107 of all employees are represented. Employer information also is not com-

pletely representative, because it uas provided by single individuals whese

views might differ from other management personnel in the same companies.

Nevertaeless, the volume alone of the data gathered tends to level out
the variations, and in most cases the results represent predominate views and

prevailing practices. Changes in the picture from additional questionnaires
returned or interviews with different management personnel would probably be
very slight. The questions themselves and the evaluation of the results
were reviewed by many educators and employment supervisors who are experienced

in this kind of research. Collectively they developed the survey with suf-
ficient care to justify considerable confidence in the results. In many of
the facts and views collected these are the first data of their kind on a
scale as extensive as this to appear anywhere. The results of the survey, of

course, are not universally applicable, and noticeable changes will appear

even in this state from year to year. But these variations are probably not

as great as the consistency with which details revealed in the survey will
be repeated geographically and overea period' of time. The net result at
least, is to open up areas of knowledge about the educational needs of in-
dustry which have not been available to this extent before.
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CHAPTER V

OCCUPATIONAL PROFILES

Thirty-three occupational studies have been combined in the industrial sur-

vey described in the preceding chapter. The data collected in each study give

an up-to-date profile of the occupation with its educational requirements, skilled

activities, characteristics of present personnel, and other significant features.

These profiles offer educators a basis for evaluating current programs designed

to prepare students for such careers. They give employers an industry-wide per-

spective from which to appraise their own requirements and employment practices.

And they enable public attention to focus on the critical relationships that

exist between educational institutions and industry in our modern technological

society.

Each profile is given as a statistical table from data collected in the sur-

vey. It contains percentages of employer and employee responses to questions in

the survey arranged in descending order of agreement. Employer information is

given, as before, in the percentages of employees who returned questionnaires.

Minor responses have been omitted and profiles of three of the occupations in-

cluded in the survey are omitted because of insufficient data. Accompanying the

tables are brief summaries which highlight some of the principal features of

each occupation.

It must be emphasized that these are not profiles of specific jobs, but of

occupations. Within the occupations there may be considerable variation between

companies and industries. The profiles here reveal characteristics of each oc-

cupation arranged on descending scales of probability as reported by all indus-

try.

All of the profiles in engineering and many of those in the supporting oc-

cupations have one characteristic that needs further explanation. They show

major activities as writing technical reports, supervision and research. These

are the time-consuming tasks often required, but they are the tasks which follow

or parallel the use of technical skills without which reports could not be written,

technical personnel could not be supervised and research in highly technical

areas could not be carried on. In other words, when the profile shows writing
technical reports as the principal activity in an occupation and omits others

which would also seem appropriate, this may be truo. in relative amounts of time

spent but not in an absolute sense.

129
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TABLE 31

PROFILE OF AEROSPACE ENGINEERING

EDUCATIONAL LEVEL: (two highest levels identified)

Employer Requirements Employer Preference Employee Achievement

MS-MA 82 Ph.D 84

BS-BA 10 MS-MA 9

SUBJECTS IN WHICH AT LEAST A GENERAL KNOWLEDGE IS MUDD (25% or

Ph.D 31

MS-MA 25

more response)

52
Employer Opinion

Trig 100

Employee Opinion

Drafting 99 Metallurgy 92 Mfg Process 69 Comput Prog

Algebra 98 Comput Prog 92 Algebra 94 Metallurgy 63 Dif Equa 50

Geometry 98 Non-metal 91 Geometry 94 Machinablty 63 Comput Teeh 50

Physics 98 Dif Equa 90 Physics 94 Instr Calib 63 Non-metal 44

Hyd-Pneu 95 So Studies 90 Reading 94 Electric 63 Mach Econ 38

Writing 96 Business Ad 88 Speaking 94 Chemistry 62 So Studies 37

Trig 94 Chemistry 87 Writing 88 Machine Tool 57 Humanities 37

Calculus 92 Comput Tech 85 Calculus 75 Drafting 57 Integ Circ 25

Ilyd-Pneu 69 Business Ad 57

SUBJECTS IN WHICH AN ADVANCED
Employer Opinion

Dif Equa 88 Comput Prog 82
Hyd-Pneu 82 Comput Tech 82

KNOWLEDGE IS REQUIRED:

SKILLED ACTIVITIES: (25% or more response)
Employer Requirements

Systems Anal 97 Tech Reports 95

Drafting 97 Research 95

Design 96 Supervision 95

CONTINUING EDUCATION:
(Extent) Emplr, Emnle

1

Cn the job C8 56

I

Subsidize in schools 92 6

Arrange in schools 86 0

Personal choice and cost 31

MAJOR FACTORS GOVERNING ADVANCEMENT:
Eoployer Poli

Performance 96 Personality 07

Experience 95 Seniority 3

Education 09

Writing
Reading

(257 or more response)
Employee Opinion

33 Algebra 31 Speaking 31

38 Chemistry 31 Mfg Process 25

Employee Practice
Supervision 87 Sales 26

Tech Renorts 63 Design 25

(Purpose) Emplr Emnle

Make up educ deficiency 1

Keep up with adv tech 92

Prep for higher position 36
Better educ background 39

56
19

44

Employee Opinion
Performance 75 Seniority 19

Experience 69 Personality 13

Education 50

JOB SATISFACTION: (017 feel they made a good career choice) JOB DISSATISFACTION:

Nature of work 94 Fringe Benefits 50 Fringe Benefits 38

Facilities 75 Emplr Relations 50

Importance of work 63 Job Security 44

Opport for Advance 50 Salary 44
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Cont. Aerospace Engineering

SOURCES OF RECRUITMENT:
(Employers' Preference)

1st: Promotion from within 02

2nd: Direct from school 39

3rd: Other Employers 92

EMPLOYEES' LAST PREVIOUS EMPLOYMENT:
Similar Job out of State 50
School 13

Similar Job in Arizona 13

Armed Services 13

PEESCBEEL CFAPACTERISTICS: (two highest responses)

Ar:(' Years Since Degree HS Class Rank Milla
40s: 50 More than 10: 44 Upper k: 31 Coll Prep: 87

30s: 44 5 to 10 yrs: 25 Upper 10%; 50 General : 6

PREVIOUS EXPERIENCE: (two highest responses)

Skilled Technical

-0- 1 to 3 yrs: 6

ausO -0.

MONTHLY SALARY RANGES: (two highest responses)

Engineering
More than 10 yrs: 63
5 to 10 yrs: 19

Employers' Schedule Present Personnel

Min: More than 1,200: 32 500 to 700; 7 900 to 1,200: 33

Max: More than 1,200: 03 900 to 1,200: 7 700 to 900: 37

Aerospace Engineers: Employers expect aerospace engineers to handle research,

production design, systems analysis, quality control, drafting, computer program-

ming, and writing technical reports. Most men on the job report their main acti-

vities are supervision and technical report writing, with some research, design,'

sales and consulting. Technical report writing, which appears as a major activity

in many engineering and technical occupations, is based on other engineering acti-

vities not necessarily reported. Aerospace engineers use a general knowledge of

nearly every subject included in the survey. Future requirements are expected to

increase their need for differential equations, physics, chemistry, non-metallic

materials, hydraulics-pneumatics, computer programming, and computer technology.

Nearly all employers require graduate degrees, preferably doctorates, and

more than half of aerospAce engineers in the survey have graduate degrees. Sal-

aries start at around $900 per month, and this is one of the less desirable fea-

tures of the job in the opinion of the engineers. The work itself is considered

highly gratifying. Half of the aerospace engineers who returned questionnaires

were in their 40s and most of the others were in their 30s. Nearly half of them

received their highest degree more than ten years ago, have had more than five

promotions, and came to their present jobs from similar positions outside of

Arizona. Employers' first preferance in filling positions in the field is through

promotion from within their organization. Their second preference is from grad-

uate schools and their third from other employers. Advancement is based largely

on experience, performance and education in that order.
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TABLE 32
PROFILE OF CHEMICAL ENGINEERING

EDUCATIONAL LEVEL: (two highest
Emnloyer Requirements

Coll-NO-degree 51
BS-BA 27

levels identified)
Employer Preference

NS-MA 44
BS-BA 23

SUBJECTS IN WHICH AT IEAST A GENERAL KNOWLEDGE IS RE

Employee Achievement
BS-BA 32
MS-MA 24

UIRED: (25% or more response)
Employer Opinion Employee Opinion

Algebra 100 Non-metal 30 Reading 94 Instr Calib 62 Metallurgy 40
Writing 100 Mfg Process 79 Writing 94 lifg Process 62 Humanities 36
Geometry 99 Metallurgy 78 Speaking 92 Business Ad 62 Comput Pros 35
Reading 99 Inst Calib 73 Chemistry 91 Calculus 57 Comput Tech 20
Speaking 97 Eyd-Pneumat 67 Algebra 90 Electric 57 Geology 28
Trig 97 Integ Circ 49 Physics 82 Hyd-Pneumat 53 Uach Tools 26
Chemistry 97 Comput Prog 40 Geometry 78 Dif Equa 48 Uachinablty 26
Physics 96 Drafting 37 Trig 73 Von-met 48
Calculus 95 So Studies 28 Drafting 69 So Studies 46
Business Ad 95 Humanities 26
Dif Equa 06
Blectric 06

Comput Tech 25

SUBJECTS IN WHICH ADVANCED NNOWLEDGE IS REQUIRED: (25%
Employer Opinion

Chemistry 88 Metallurgy 39
Physics 72 Writing 31
Dif Equa 61 Reading 30
Calculus 59 Speaking 30

SKILLED ACTIVITIES: (25% or more response)

or more response)
Employee Cninion

Chemistry 51 Algebra 36

Writing 40 Calculus 27
Reading 40 Geometry 26
Speaking 39 Trig 25
Physics 37

Employer Requirements Emnloyee Practice
!Tech Reports 100 Design 76 Supervision 79
:Research 99 Systems Anal 71 Research 67
Testing 97 Prod Inspect 70 Tech Reports 60
Instrument 97 Prod Layout 64 Sales 35

'Qual Control 96 Drafting 53 Testing 27
Aunervision 95 Aut Equipment 45
! Sales
,

92 Electronic Equip 34

1

CONTINUING EDUCATION:
(Extent) Emnlr Emnle (Purpose) Emnlr Emnle

On the job 70 40 Make up educ deficency 5
Subsidize in schools 23 22 Keep up with adv tech 75 67
Arrange in schools 69 18 Prep for higher position SG 24
,Personal choice and cost 33 Better educ background 76 52

!MAJOR FACTORS GOVERNING ADVANCEMENT:
Employer Policy

1 Performance 99
lExperience 73

1Seniority 49-

HPersonality 29

Employee Opinion
Performance 76
Experience 57

Education 39
Seniority 20
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Cont. Chemical Engineering

JOB SATISFACTION: (887 feel they made a good career choice) JOB DISSATISFACTION:

Nature of work 93 Salary 61 Fringe Benefits 26

Importance of work 78 Opp for Adv 54 Opp for Adv 25

Facilities 73 Job Security 47

Emplr Relations 63 Fringe Benefits 45

SOURCES OF RECRUITMENT:
(Employers' Preference)
1st: Promotion from within 63
2nd: Direct from school 84

3rd: Other Employers 22

EMPLOYEES' LAST PREVIOUS EMPLOYMENT:
Similar Job out of State 28
Lower level, same emplr 17

Similar Job in Arizona 16

PERSONNEL CHARACTERISTICS: (two highest responses)

Age Years Since Degree FS Class Rank

30s; 35 More than 10: 52 Upper 10%; 42

40s: 30 5 to 10 yrs: 24 Upper k: 26

PREVIOUS EXPERIENCD
Skilled

More than 10 yrs: 6

1 to 10 yrs: 3

(two highest responses)
yechnical

More than 10 yrs: 13
1 to 3 yrs: 12

HS Maior
Coll Prep : 61

General : 23

Engineering
More than 10 yrs: 38
5 to 10 yrs: 18

MONTHLY SALARY RANGES: (two highest responses)
Employers' Schedule Present Personnel

Min: 500 to 700: 50 700 to 900: 25 900 to 1,200: 31

Max: 900 to 1,200: 37 700 to 900: 36 700 to 900: 27

Chemical Engineers: In this profile a somewhat disproportionate number of

personnel at the lower end of the educational and salary scale have been included.

It is the only field of engineering in the survey in which the employers of half

of the engineers require less than a baccalaureate degree. They indicate a pre-

ference for college graduates, especially those with graduate degrees. Nearly

half of the chemical engineers who answered questionnaires have graduate degrees,

but 21 percent have less than the baccalaureate. Chemical engineers report ac-

tivities very similar to those in most other fields - - research, supervision,

and writing technical reports. They require the same broad education in mathe-

matics, science and communications. More knowledge of the physical sciences,

metallurgy, non-metallic materials and computer operation will be needed in the

future.

Salaries generally run between $700 and $1,200 per month. The large

majority of the chemical engineers who responded to the survey indicated satis-

faction with their earnings as well as all other aspects of the job, especially

the work itself. More than half have had at least ten years' experience, and

three-fourths have had at least five years. Nearly one-third of the chemical

engineers in the survey have had experience as technicians. Employers prefer

to get new personnel by promotion from within their organizations or from col-

lege. Nearly half of the chemical engineers who returned questionnaires have

come to present positions from similar employment in other companies.
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TABLE 33

PROFILE OF CIVIL ENGINEERING

EDUCATIONAL LEVEL: (two highest

EmPloyer Raquirements
BS-BA 63
HS 20

levels identified)
Employer Preference

BS-BA 35
MS-EA 22

Employee Achievement
BS-BA 69

Coll-NO-degree 13

SUBJECTS IN WHICH AT LEAST A GENERAL KNOWLEDGE IS REQUIRED: (25% or more response)

Employer Opinion
100 Calculus 83

100 Geology 81

99 Chemistry 30

99 Hyd-Pneu 71

99 Dif Equa 71

99 Business Ad 70
98 Non-metal 51

94

Algebra
Geometry
Trig
Drafting
Writing
Speaking
Reading
Physics

So Studies 49
Instr Calib 43
Comput Prog 47
Electric 44

Humanities 40
Comput Tech 32

iletallurgy 29

Employee
Algebra 96

Geometry 96

Trig 96

Writing 95

Speaking 94

Reading 93

Drafting 93

Physics 86

Lusiness Ad 76
Geology 74

Hyd-Pneu 70

Chemistry 67

SUBJECTS IN WHICH ADVANCED KNOWLEDGLISEREIRER: (25%

Employer Opinion

Algebra 36 Drafting 31

Geometry 36 Physics 27

Trig 35 Reading 25

SKILLED ACTIVITIES: (25% or more response)
Employer Requirements

Tech Reports 98 Sales 78 Prod Layout 45

Drafting 97 Qual Control 63 Comput Prog 44

Supervision 95 Instr Calib 52 Design 41

Surveying 93 Prod Inspect 43 Systems Anal 34

Testing 87 Research 46

CONTINUING EDUCATION:
(Extent) Emplr Emple

On the job 56 58

Subsidize in schools 68 16

Arrange in schools 39 19

Personnel choice and cost 37

MAJOR FACTORS GOVERNING ADVANCETIEUT:

Employer Policy

Performance 99 Personality 32

Experience 75 Seniority 16

Education 56

JOB SATISFACTION:
Nature of work
Facilities
Employer Relations
Importance of work

Opinion
Calculus 63

Instr Calib 43
So Studies 48

Non-metal 44

Electric 40
Comput Prog 40
Dif Equa 34

Humanities 34
Comput Tech 32
lifg Process 29

Metallurgy 25

or more response)
Employee Opinion

Trig 43 Writing 36

Geometry 30 Reading 36

Algebra 37 Speaking 33

Drafting 36

Employee

Supervision 79

Tech Reports 60
Sales 43

Research 42

Practice
Drafting 38

Surveying 33

Design 32

Prod Inspec 25

(Purpose) Emplr Emple

Hake up educ deficency 38

Keep up with adv tech 56 66.

Prep for higher position 67 32

Better educ background 60 66

(86% feel they made a good career

93 Job Security 65

79 Salary 61

70 Opp for adv 60

66 Fringe Benefits 60

Emnloyee Opinion
Performance 82 Personality 21

Experience 76 Seniority 18

Education 42

choice) JOB DISSATISFACTION:
-0»
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Cont. Civil Engineering

SOURCES OF RECRUITMENT:
(Employers' Preference)
1st: Promotion from within 66
2nd: Other Employers 47

3rd: Direct from school 27

EMPLOYEES' LAST PREVIOUS EMPLOYMENT:
Similar job out of State 24

School 22

Similar job in Arizona 13

Lower level, same employer 17

PERSONNEL CHARACTERISTICS: (two highest responses)

Age Years Since Degree HS Rank

30s; 34 More thnn 10 yrs; 62 Upper : 31

40s: 29 5 to 10 yrs: 21 Upper 10%; 27

PREVIOUS EXPERIENCE:
Skilled Technical

More than 10 yrs: 2 3 to 5 yrs: 8

1 to 3 yrs: 2 1 to 7 yrs: 7

MONTHLY SALARY RANGES: (two highest responses)
Employers' Schedule

Min; 500 to 700: 62 700 to 900: 29

Max: More than 1,200: 61 900 to 1,200: 27

HS Maior
Coll Prep
General

Engineering
More than 10 yrs: 56
5 to 10 yrs: 24

Present Personnel
900 to 1,200: 44
700 to 900: 29

Civil Engineers: Civil engineers spend most of their time in supervisory

activities and writing technical reports. They also do some drafting, surveying,

and sales-consulting-public relations. The last is a field in which employers

would like civil engineers to excel since the nature of the work often brings

them into contact with the public.

The minimum educational level required for two-thirds of the civil engin-

eers in Arizona is a baccalaureate degree or higher, and for nearly one-third

the preference is a masters or doctorate. Civil engineers appear to have the

lowest percentage of graduate degrees of any field of engineering in the state,

although three-fourths of those who returned questionnaires have at least a B.S.

Salaries range largely from $700 to more than $1,200 per month, with nearly half

of those reporting in the $900 to $1,200 bracket. The age distribution is broader

than in most engineering fields, and civil engineering has the highest percent of

men who received their highest degrees more than ten years ago. It is also the

most stable field in engineering, with the lowest percent of both employers and

employees who report that technical skills and knowledge used on the job had

changed in the last five years or are expected to change in the next five years.

Of the employers who do believe changes will take place, less than half consider

additional preparation necessary in any of the courses listed.
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TABLE 34
PROFILE OF ELECTRICAL ENGINEERING

EDUCATIONAL LEVEL: (two highest levels identified)

MallamIgaidEtatatt 342122EFLIMEJUM211
BS-BA 94 NS-UA 28
MS-MA 4 Ph.D 5

SUBJECTS IN 4_CH AT LEAST A GEHERAI
Employer Opinion

Algebra 100 Chemistry 49
Geometry 100 Instr Calib 45
Trig 100 Integ Circ 43
Calculus 99 Business Ad 43
Physics 99 Drafting 42

Electric 99 Ustallurgy 39

Dif Equa 90 So Studies 37
Comput Frog 67 Von-metal 36
Slieaking 52 Ufg Process 35
Writing 51 Hyd-Pneu 34
Reading 51

MOWLEDGE IS RE

Employee Achievement
BS-BA 67
MS-11A

UIRED: (25%
Employee Opinion

Algebra 97 Drafting 77

Writing 97 Business Ad 75
Speaking 97 Instr Calib 70
Reading 96 Dif Equa 64

Trig 95 Chemistry 62

Physics 91 Comput Prog 57
Electric 91 Comput Tech 51
Geometry 91 Integ Circ 47
Calculus 81 So Studies 46

SUBJECTS IN WHICH ADVANCED MOWLEDGE IS
Evlover Oninion

Electric 90 Calculus 37

Algebra 37 Dif Equa 37
Geometry 37 Physics 35

Trig 37 Integ Circ 33

SKILLED ACTWITEITESnloye(r25% or

or more response)

Mfg-Process 44
Hyd.42neu 40

Nonimetal 39

Mach Tool 33

Humanities 32

Uetallurgy 29

Uach Econ 29

Nachinablty 27

REQUIRED: (25% or more response)

more response)

Employee
Electric 63
Algebra 44
Trig 39
Speaking 36
Writing 35

Tech Reports 99 Drafting 43 Aut Equip 33
Systems Anal 95 Comput Prog 41 Prod Layout 33
Research 92 Sales 41 Qual Control 32
Supervision 91 Design 30 Prod Inspect 31
Testing 46 Elect Equip 39 Surveying 31
Instr Calib 44 Precis Mach 34

CONTINUING EDUCATION:
(Extent) Awl.r Emple

On the job 41 56

Subsidize in schools 91 36

Arrange" in schools 35 31
Personal choice and cost 43

Practice
Reading 35

Calculus 34
Geometry 30
Dif Equa 20
Physics 26

Employee Practice
Tech Reports 78
Supervision 66

Drafting 54
Research 49
Systems Anal 44
Sales 40
Design 20

(Purpose) Emplr Emple
Hake up educ deficency 30

Keep up with adv tech 90 75

Prep for higher position 00 41
Better educ background 90 72,

NAJOR FACTORS GOVERNING ADVANCEUENT:
Employee OpinionEmployer Policy

Performance 99 Performance 01

Experience 91 Experience 56

Education 32 Education 2C

Seniority 25 Seniority 26

Personality 6 Personality 23
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JOB SATISFACTION:

137

Engineering

(84% feel they made a good career choice)

Nature of work 90 Import of work 61

Facilities 75 Job Security 59

Emplr Relations 66 Salary 58

Fringe Benefits 64 Opp for advancement 52

JOB DISSATISFACTION:
Salary 27

Opp for advancement 26

SOURCES OF RECRU ITI 'ENT : EMPLOYEES' LAST PREVIOUS EMPLOYMENT:

(Employers' Preference) School 28

1st: Promotion from within 61 Similar job out of State 19

2nd; Other Employers 79 Similar job in Arizona 18

3rd: Direct from school 54 Lower level, same employer 14

Armed Services 10

PERSONNEL CHARACTERISTICS: (two highest responses)

Age Years Since Degree HS Class Rank HS Ma or

40s: 38 More than 10 yrs: 56 Upper 10%; 38 Coll Prep: 63

30s: 32 5 to 10 yrs: 21 Upper k: 27 General: 26

PREVIOUS EXPERIENCE:
Skilled

Mbre than 3 yrs: 5
Up to 3 yrs: 4

Technical
Up to 3 yrs: 13

More than 3 yrs: 12

MONTHLY SALARY RANGES: (two highest responses)

Engineering
More than 10 yrs: 56
5 to 10 yrs: 20

Employers' Schedule Present Personnel:

Min: 500 to 700: 85 700 to 900: 9 900 to 1,200: 46

Max: More than 1,200: 61 900 to 1,200: 34 More than 1,200: 25

Electrical Engineers: Supervision and writing technical reports head the list

of activities in electrical engineering, followed by research, systems analysis, and

drafting. These activities require technical knowledge in the field supported by

courses in mathematics through differential equations, physics, instrument calibra-

tion, electricity-electronics, drafting and communications. Changes in technology

are expected to require more preparation in the future in electronics and in various

kinds of computer application. An engineering degree is required for this occupa-

tion; and there is some preference for applicants with gradaute degrees. Employers

are almost unanimous in recommending that communications be strengthened in the de-

gree programs.

Job satisfaction is quite high, especially with the immediate working conditions-

facilities, employer relations, and the work itself. Minimum salaries tend to be

lower than other fields of engineering, starting between $500 and $700 per month,

but go up to $1,200 and beyond. Nearly half of the EE's in Arizona who returned ques-

tionnaires earn between $900 and $1,200 and one-fourth of them earn more than $1200.

Employers like to get new employees by promoting men in the ranks, from other em-

ployers, or from the schools in that order. The .typical EE identified in the sur-

vey came to his present job from a similar position elsewhere or direct from school,

is in his 30s or 40s, has more than ten years' experience and may have worked at

one time as a technician, received his highest degree (BS or MS0 more than ten years

ago, has had more than 5 promotions, and expects to be in a higher position ten

years from now, probably in management.
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TABLE 35
PROFILES OF ELECTRONIC ENGINEERING

EDUCATIONAL LEVEL: (two highest

Employer Reouirements
BS-BA 60

Tech Certificate 16

levels identified)
Employer Preference

MS-NA 61
BS..BA 19

Employee Achievement
BSimBA 64

MS-MA 19

SUBJECTS IN WHICH AT LEAST A GENERAL KNOWLEDGE IS REQUIRED: (25% or more response)

Employer Opinion
Algebra 100 Business Ad 96 Byd-Pneu 77

Geometry 100 Speaking 95 Metallurgy 69

Trig 100 Integ Circ 94 Comput Tech 60

Physics 100 Mfg Process 91 So Studies 51

Instr Calib 99 Chemistry 85 Humanities 50

Dif Equa 99 Calculus 34 Drafting 50

Writing 99 Non-metal 82 Machinablty 45
Reading 98 Comput Prog 79 Mach Econ 28

Electric 96

Employee Opinion
Electric 97 Business Ad 67

Writing 96 Chemistry 66

Algebra 95 Ufg Process 66

Reading 94 Comput Prog 56

Speaking 94 Mach Tools 47
Physics 93 Nonimetal 46

Trig 92 Comput Tech 42

Geometry 89 Machinablty 36

Calculus 83 Lietallurgy 35

Instr Calib 83 So Studies 31

Drafting 77
Dif Equa 74
Integ Circ 69

Comput Graph 26
Hyd-Pneu 25

Mach Econ 25

SUBJECTS IN WHICH ADVANCED KNOWLEDGE IS REQUIRED: (25% or more response)
Employee OpinionEmployer Opinion

Electric 08 Dif Equa 63 Electric 78 Dif Equa 36

Algebra 74 Writing 61 Algebra 47 Physics 34

Calculus 74 Physics 33 Integ Circ 47 Writing 31

Integ Circ 73 Calculus 45 Reading 31

Trig 38 Geometry 31

SKILLED ACTIVITIES: (25% or more response)

lhelaux.B.aaammla
Instr Ca lib 100 Systems Anal 97 Drafting 06

Elect Equip 99 Qual Control 97 Comput Prog 81

Tech Report 99 Design 91 Prod Inspect 67
Testing 90 Supervision 07 Aut Equip 65

Research 97 Sales 87 Prod Layout 55

OONTINUING EDUCATION:
(Extent) Emplr Emple

On the job 91 77

Subsidize in schools 96 26

Arrange in schools 23 31

Personal choice and cost 26

MAJOR FACTORS GOVERNING ADVANCEMENT:
Employer Policy
Performance 99
Ex7erience 90

Education 60

Personality 10
seniority 12

Emolovee Practice
Tech Reports 78 Testing 40
Supervision 65 Comput Pros 26
Systems Anal 56 Sales 26

Research 52

(Purpose) Emplr Emu
1:cke up educ deficency 69
Keep up with adv tech 92 06

Advancement 07 39

Better educ Background 96 79

Employee Opinion
Performance 01
Experience 55

Education 22

Personality 17

Seniority 9
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JOB SATISFACTION: (07% feel they made a good career choice) JOB DISSATISFACTION:

Nature of work 79 Facilities 60 Import of work 55 -0-

Salary 71 Emplr Relations 59 Job Security 44

Fringe Benefits 63 Opp for advancement 57

SOURCES OF RECRUITMENT:
(Employers' Preference)
1st: Other employers 48

2nd: Direct from school 66

3rd: Promotion from within 58

EMPLOYEES' LAST PREVIOUS EMPLOYMENT:
Similar job out of State 36

School 28

Lower level, same employer 16

Similar job in Arizona 8

Armed Forces 6

PERSONNEL CHARACTERISTICS: (two highest responses)

Asa
30s: 43
40s: 25

Years Since Degree HS Class Rank HS MA or

More than 10 yrs: 45 Upper 10%; 41 Coll Prep: 64

5 to 10 yrs: 4 Upper k: 28 General: 27

PREVIOUS EXPERIENCE:
Skilled

1 tl 5 yra: 7

1 to 3 yrs: 3

MONTHLY SALARY RANGES: (two highest

goloyers1 Schedule
Min: 700 to 900: 46

Max: More than 1,200: 69

'Technical
1 to 5 yrs: 20
3 to 5 yrs: 9

responses)

EngineerinA
More than 10 yrs: 42

5 to 10 yrs: 25

Present Personnel
900 to.1,200; 47

More than 1,200: 29

Electronics Engineering: Electronics engineers are involved in supervision and

writing technical reports, and to some extent in research and systems analysis. Train-

ing for this occupation includes math through differential equations, physics, some

chemistry, instrument calibrations, electronics, integrated circuits, and communica-

tions. Future requirements are expected to be higher in most of e same areas,

plus non-metallic materials, computer programming, and computer technology. Most em-

ployers require at least a bachelor's degree in engineering and prefer graduate de-

grees. Nearly all employers subsidize additional education for electronics engin-

eers, and this field has the highest combined interest by employers and employees in

education for the purpose of a broader educational background.

Salaries run from $700 monthly to over $1,200. Nearly half of the engineers

who returned questionnaires earn between $900 and $1,200, and nearly one-third earn

more than $1,200. This field had the highest level of satisfaction with salaries

reported in the survey, and fairly high levels of satisfaction with other aspects

of employment. It is the youngest group of any engineering field, and has the

highest level of ambition for advancement. It is the only field in which employers

would rather hire engineers away from other employers than to promote men from

lower level positions in their own companies, possibly because the field is rela-

tively new. Changes in skills and knowledge required in the next five years are

expected to have the greatest impact on the educational program of any field of

engineering.
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TABLE 36
PROFILE OF GEOLOGICAL ENGINEERING

EDUCATIOUAL LEVEL: (two highest levels identified)

Employer Requirements Enplever Preferelye
BS-BA 91 Ph.D 19

AS-AA 6 BS-BA 16

Employee Achievement
BS..BA 66

MS..14A 29

SUBJECTS IN WHICH AT LEAST A GENERAL KNOWLEDGE IS MIRED: (25% or more response)

Emaloyer Opinion
Chemistry 100 Electric 75

Geology 100 Business Ad 74

Writing 100 Metallurgy 72

Reading 100 So atudies 69

Physics 99 Hyd..Pneu 67

Calculus 93 Con7ut Pros 65

Algebra 91 Humanities 55

Geometry 91 Comput Tech 40
Trig 91 Dif Equa 44

Drafting 06 Mach Econ 38

Instr Calib 75 Wg Process 36

SUBJECTS IN

Balagtaklaa
Drafting 100 Calculus 54

Writing 100 Instr Calib 52

Reading 100 So Studies 52

Speaking 100 Hyd-Pneu 51

Geometry 97 Electric 40

Chemistry 95 Metallurgy 43
Algebra 94 Humanities 40
Trig 94 Nit Process 34

Physics 92 Comput Prog 31

Geology 91 Comput Tech 31

Business Ad 74 Dif Equa 26

Non-metal 66

WHICH ADVANCED KNOWLEDGE IS REQUIRED: (25% or more response)

ItelamLatakza
Geology 77 Speaking 45 Algebra 33

Writing 61 Chemistry 42 Geometry 33

Reading 53 Non-metal 41 Trig 33

Physics 52 Hyd-Pneu 39 Drafting 30

Business Ad 25

Geology 74 Trig 37

Writing 63 Drafting 29

Reading 54 Geometry 26

Speaking 49 Chemistry 20

SKILLED ACTIVITIES: (25% or more response)
Employee Practice

Tech Reports 100 Drafting 81 Prod Insp 38 Tech Reports 94

Supervision 92 Instr Calib 80 Comput Prog 38 Supervision 77

Research 91 Testing 58 Design 32 Reseerch 69

Surveying 86 Qual Contr 53 Precis Mach 31 Surveying 55

Sales, etc 82 Elec Equip 44 Prod Layout 27 Drafting 54

Sales, etc 40

CONTINUING EDUCATION:
Emplr Emple(Extent)

On the job 55 63

Subsidize iu schools 38 20

Arrange in schools 25 20

Personal choice and cost 31

MAJOR FACTORS GOVERNING'ADVANCEMENT:
Employer Policy

Performance 100 Educatioq 42
Experience 77 Personalifyl 27
Seniority 54

.0

(Purpose) ,Emplx.,Emple
Make up educ deficiency 31

Keep up with ady tech 44 60

Prep for higher position 47 23

Better educ background 50 74

Employee Opinion
Performance 76 Personality 24
Experience 63 Seniority 9

Education 26
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JOB SATISFACTION: (917 feel they made a good career choice) JOB DISSATISFACTION:

Nature of work 97 Emplr Relations 57 Salary 40

Importance of job 71 Job Security 49 Opp for advancement 31

Fringe Benefits 69 Opp for advance 37

Facilities 69 Salary 31

SOURCES OF RECRUITMENT: (Employers' preference) EMPLOYEES' LAST PREVIOUS EMPLOYMENT:

1st: Promotion from within 50 School 29

2nd: Other Employers 47 Similar job out of state 26

3rd: Direct from the schools 42 Similar job in Arizona 9

Lower level, same employer 6

Armed Service 3

PERSONNEL CHARACTERISTICS: (two highest responses)

Age Years Since Degree HS Rank HS Major

30s: 43 More than 10: 46 Upper 10%; 37 Coll Prep 68

40s; 31 5 to 10: 34 Upper 41: 31. General 22

PREVIOUS EXPERIENCE; (two highest responses)

Skilled Technical EngineerinK

1 to 5 yrs: 6 1 to 3 yrs: 12 More than 10 yrs: 40

More than 10 yrs: 3 More than 10 yrs: 6 5 to 10 yrs: 29

MONTHLY SALARY RANGES: (two highest responses)
Employers' Schedule Present Personnel:

Min: 500 to 700: 56 700 to 900: 30 700 to 900: 54

Max: 900 to 1,200: 41 More than 1,200: 39 900 to 1,200: 17

Geological Engineering: Geological engineers, like other engineers, spend a

major part of their time writing technical reports, considerable time in research,

supervision, and to some extent drafting and surveying. Their education should in-

clude math through calculus, all the physical sciences, drafting, and especially

reading, writing and speaking. Requirements in these same areas, with the excep-

tion of drafting, are expected to be even higher in the future as a result of chang-

ing technology.

Most employers require a baccalaureate degree in engineering, and one-third

prefer masters or doctorates. Nearly one-third of the geological engineers in the

survey have masters and virtually all have at least a BS. Employers of half say

they prefer to promote their own personnel into this occupation, but very few pre-

sent employees have come into their jobs that way. More than half of them either

came directly from college or from a similar job in another state.

Salaries run from $500 to over $1,200 per month with the majority now employed

making less than $900. There is considerable employee criticism of salary as well

as opportunity for advancement. This field has among the highest percenizages of

baccalaureate and graduate degrees, years of experience, and promotions of any field

in engineering. It also has the highest percent of men who feel they made a good

choice in selecting their career of any field in engineering.
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TABLE 37
PROFILE OF INDUSTRIAL ENGINEERING

EDUCATIONAL LEVEL: (two highest levels identified)
Employer Requirements Employer Preference Employee Achievement

BS-BA 34 BS-BA 57

Coll-No-Degree 29 Grad Degree 15

SUBJECTS IN WHICH AT LEAST A GENERAL KNOWLEDGE IS REQUIRED: (257

BS-BA
Coll-No-Degree

or

56

18

more response)

Employer Opinion Employee Opinion
Algebra 100 Electric 84 Speaking 98 Geometry 79 Instr Calib 53

Geometry 100 Reading 84 Mfg Proc 96 Trig 77 Comput Prog 49

Mach Tools 100 Mach Econ 78 Writing 96 achinablty 76 Calculus 45

Writing 100 Comput Prog 70 Reading 96 Physics 73 Soc Studies 46

Trig 98 Dif Equa 69 Algebra 87 Drafting 73 Comput Tech 43

Physics 95 Metallurgy 67 Hach Tools 84 Chem 67 Dif Equa 31

Business Ad 95 Soc Studies,63 Business Ad 82 Non-metal 67 Computgraph 29

Uachinablty 93 Hyd-Pneumat 61 flach Econ 80 Metallurgy 60 Integr Circ 52

Speaking 92 Drafting 61 Electric 80 Hyd-Pneumat 57
Mfg Proc 91 Instr Calib 58
Chemistry 89 Non-metal 48
Calculus 86 Comput Tech 48

SUBJECTS IN WHICH ADVANCED KNOWLEDGE IS REQUIRED: (25% or more response)
Employee OpinionEmployer Opinion

Mfg Proc 60 Dif Equa 38 Hachinablty 29 Mfg Proc 58

Writing 50 Reading 37 Geometry 25 Speaking 42

Speaking 46 Mach Econ 36 Comput Prog 25 Reading 38

Trig 44 Mach Tools 32 Mach Econ 36

Calculus 42 Algebra 31 Writing 32

Machinablty 25

SKILLED ACTIVITIES: (257 or more response)
Employer Requirements Employee Practice

Tech Reports 90 Research 78 Aut Equip 44 Tech Reports 68

Prod Layout 83 Testing 65 Sales, etc 44 Supervision 62

Supervision 82 Prod Inspect 62 Elec Equip 34 Prod Layout 47

Design 81 Instr Calib 56 Precis Mach 34 Research 44
Systems Anal 81 .Drafting 54 Sys t Anal 42

Qual Control 78 Comput Prog 51 Design 40
Qual Contr 32

Sales, etc 26

CONTINUING EDUCATION:
Emplr Emple (Purpose) Emplr Emple(extent)

On the Job 72 68 Make up educ deficiency 51

Subsidize in schools 72 36 Keep up with adv tech 68 78

Arrange in schools 40 26 Prep for higher position 71 42

Personnel choice and cost 36 . Better educ background 56 82

MAJOR FACTORS GOVERNING ADVANCEMENT:
Employer Policy Employee Opinion

Performance 99 Performance 82

Experience 88 Experience 64

Education 78 Personality 26

Personality 41 Education 25

Seniority 30 Seniority 7
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JOB SATISFACTION: (86% feel they made a good career choice) JOB DISSATISFACTION:

Nature of work 74 Fringe Benefits 56 -0-

Employer Relations64 Opportunityfcr adv 55

Facilities 63 Importance of work 49

Salary 59 Job Security 44

SOURCES OF RECRUITMENT:
1st: Promotion from within 46

2nd: Other employers 49

3rd: Direct from schools 55

EMPLOYEES' LAST PREVIOUS EMPLOYMENT:
Similar job out of State 33

Similar job in Arizona 18

Lower level, same employer 15

School 10

PERSONNEL CHARACTERISTICS: (two highest responses)

APA Years Since Degree ES Rank

40s: 42 More than 10: 53 Upper 34

30s: 27 5 to 10: 21 Upper k: 28

PREVIOUS EXPERIENCE: (two highest responses)

Skilled Technical

1 to 5 yrs: 6 1 to 5 yrs: 12

Uore than 10 yrs: 5 llore than 5 yrs: 8

MONTHLY SALARY RANGES: (two highest responses)

Employers' Schedule

HS Ma'or
Coll Prep: 53

General: 30

Engineering
Uore than 10 yrs: 51
5 to 10 yrs: 22

Present Personnel:

Min: 500 to 700: 50 700 to 900: 36 900 to 1,200: 44

Max: More than 1,200: 52 900 to 1,200: 32 700 to 900: 38

Industrial Engineering: The principal activities of industrial engineers are

writing technical reports and supervision, based to a major extent on systems ana-

lysis, production design, production layout, and quality control. Their education

includes math through calculus, physics, chemistry, manufacturing processes, mach-

ine utilization, reading, writing, and speaking. They require a broader knowledge

of technical subjects than any other field, with emphasis on machines and processes

as well as research and supervision. Fewer employers and employees, however, con-

sider an advanced knowledge necessary in particular subject areas. This field has

the highest percentage of personnel reporting the major part of their skills ad-

quired on the job and the lowest percent acquired in school. The future is expected

to bring increased emphasis on manufacturing processes, electronics, computer pro-

gramming, and business administration. Employers see a need for increasing the num-

ber of men trained in this occupation, and giving them more communications and busi-

ness administration.

The salary range for industrial engineers is from $500 to more than $1,200

per month, with three-fourths of those who answered questionnaires in the upper

part of the $700 to $1,200 bracket. As a group they are somewhat more experienced,

older, and have moved around more than most other engineers. The first preference

of most employers in getting new personnel is through promotion from lawer level

positions but relatively few have come into their present positions in this way.

The employers' second choice is from other employers, which is the major source

today. The third preference of employers is to hire graduates from the schools,

and 10% of those who answered questionnaires were employed directly from school.
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TABLE 38

PROFILE OF MECHANICAL ENGINEERING

EDUCATIONAL LEVEL: (two highest levels identified)

Employer Requirements Employer Preference Employee Achievement

BS-BA 72 MS-MA 50

Tech Certificate 8 BS-BA 15

SUBJECTS IN WHICH AT LEAST A GENERAL KNOWLEDGE IS REQUIRED: (257 or

BS-BA 64
MS-MA 12

more response)
OpinionEmployer Opinion Employee

Algebra 99 Dif Equa 82 Writing 97 Metallurgy 76

Geometry 99 Mfg Process 78 Algebra 96 Mach Tools 74

Trig 99 Speaking 69 Trig 95 Electric 72

Writing 99 Reading 68 Reading 95 Machinablty 72

Physics 98 Comput Prog 67 Speaking 93 Business Ad 65

Chemistry 93 Instr Calib 65 Geometry 93 Calculus 65

Drafting 93 Comput Tech 63 Physics 92 Mach Econ 53

Metallurgy 89 Mach Tools 55 Drafting 89 Dif Equa 46

Hyd-Pneumat 89 Electric 55 Mfg Proc 83 Comput Prog 40

Calculus 86 Mach Econ 48 Non-metall 80 Soc Studies 39

Non-metall 86 Soc Studies 35 Hyd-Pneumat 80 Comput Tech 33

Business Ad 85 Integr Circ 34 Instr Calib 78 Integ Circ 26

Machinablty 84 Humanities 31 Chemistry 77 Humanities 25

SUBJECTS IN WHICH ADVANCED
Employer Opinion

Dif Equa 50

Business Ad 33

KNOWLEDGE IS REQUIRED: (25% or more response)
Employee Opinion

Reading 30 Trig 28

Writing 29 Algebra 27

SKILLED ACTIVITIES: (257 or more

Speaking 29 Geometry 26

response)
Employee PracticeEmployer Requirements

Tech Reports 96 Qual Control 82 Prod Layout 41 Tech Reports 71 Testing 44

Research 93 Comput Prog 69 Precis Mach 41 Design 68 Sales, etc 38

Drafting 93 Supervision 67 Elect Equip 39 Supervision 62 System Anal 36

Design 91 Testing 63 Aut Equip 35 Research 53 Drafting 28

Instr Calib 89 Sales, etc 52

Systems Anal 87 Prod Inspect 49

CONTINUING EDUCATION:
(Extent) Emplr Emple (Purpose) Emplr Emple

On the Job 72 64 Make up educ deficiency 34

Subsidize in Schools 85 37 Keep up with adv tech 81 72

Arrange in schools 60 24 Prep for higher position 73 43

Personal choice and cost 37 Better educ background 82 71

MAJOR FACTORS GOVERNING ADVANCEMENT:
Employer Policy

Performance 97
Experience 93

Education 66

Personality 54
Seniority 13

Employee Opinion
Performance 81

Experience 58

Education 30

Personality 24

Seniority 9
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JOB SATISFACTION: (88% feel they made a good

Nature of work 86 Emplr Relations 64
Opp for advance 53
Job security 47

Salary 72

Fringe Benefits 72
Facilities 68

SOURCES OF RECRUITMENT:
1st: Promotion from within
2nd: Direct from schools
3rd: Other employers

54
56

36

career choice) JOB DISSATISFACTION:
-0-

EMPLOYEES' LAST PREVIOUS EMPLOYMENT:
Similar job out of State 31

School 20

Lower level, same employer 16

Similar job in Arizona 14

PERSONNEL CHARACTERISTICS: (two highest responses)

Age Years Since Degree HS Rank

30s: 37 Uore than 10: 56 Upper 10%; 33

40s: 30 5 to 10: 22 Upper k: 27

PREVIOUS EXPERIENCE:
Skilled

1 to 5 years: 9

More than 10 yrs: 8

Technical
1 to 5 yrs:
More than 5

MONTHLY SALARY RANGES: (two highest responses)
Employers' Schedule

Min: 700 to 903: 47 500 to 700: 31

Max: More than 1,200: 64 900 to 1,200: 14

HS Major
Coll Prep: 60

General 21

Engineering
14 More than 10 yrs: 51

yrs: 6 5 to 10 yrs: 22

Present Personnel
900 to 1,200: 53

More than 1,200: 22

Mechanical En ineerin : This field requires knowledge and experience in broad

areas of engineering, with an emphasis on experience rather than academic special-

ization. Neither employers nor the engineers themselves indicated a strong need for

advanced preparation in technical courses, but a general knowledge of every course

except geology and computergraphics is required. Technological advancement in the

next five years is expected to increase the need for manufacturing processes, com-

puter programming, computer technology, and business administration. Employment in

this field requires at least a bachelor's degree in engineering, preferably a

masters. Most employers subsidize additional education for their employees, would

like to see more people trained for mechanical engineering, and more emphasis on

communications.

Mechanical engineers have the second highest percentage of any field who re-

port that most of their technical skills and knowledge were acquired on the job

rather than in school, next only to industrial engineers. These two fields also

have the highest percentages of engineers with previous experience as skilled crafts-

men. Job satisfaction is fairly high, especially with the nature of the work. Sal-

aries range from less than $700 to more than $1,200 per month. Mechanical engin-

eers in the survey reported the highest percentage of any field earning more than

$900. Employers prefer to fill new positions through promotion from within their

own organizations, but most of the men who answered questionnaires have come from

similar jobs in other companies or from school.
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TABLE 39
PROFILE OF METALLURGICAL ENGINEERING

EDUCATIONAL LEVEL: (two highest levels identified)
Employer Requirements Employer Preference Employee Achievement
BS-BA 87 MS-MA 23

Tech Certificate 6 Ph.D 19

SUBJECTS IN WHICH AT LEAST A GENERAL KNOWLEDGE IS REQUIRED: (257

BS-BA 63
Ph.D 15

or more response)
OpinionEmployer Opinion Employee

Geometry 98 Reading 91 Geology 55 Metallurgy 98 Electric 76

Physics 98 Speaking 91 Machine Tool 54 Physics 98 Geology 71

Chemistry 98 Dif Equa 86 Humanities 51 Chemistry 98 Mfg Process 70
Writing 98 Electric 86 Mach Econ 46 Algebra 96 Calculus 69

Metallurgy 97 Instr Calib 85 Comput Prog 45 Writing 96 Business Ad 63
Algebra 97 Mfg Process 83 Comput Tech 43 Reading 96 Soc Studies 54
Trig 97 Hyd-Pneumat 81 Integr Circ 42 Speaking 94 Dif Equa 48
Non-metal 96 Business Ad 75 Computgraph 28 Instr Calib 87 Comput Prog 47
Drafting 96 Soc Studies 73 Non-metal 85 Mach Tools 43

Calculus 92 Machinablty 60 Geometry 85 Nachinablty 43
Trig 81 Humanities 43
Hyd-Pneumat 79 Integ Circ 39

Drafting 79 Comput Tech 37
SUBJECTS III WHICH ADVANCED KNOWLEDGE IS REQUIRED: Hach Econ 35

Employee OpinionEmployer Opinion
Metallurgy 83 Writing 35 Calculus 30 Metallurgy 83 Reading 35

Chemistry 69 Non-metal 33 Reading 29 Chemistry 67 Speaking 33

Ufg Process 42 Algebra 31 Dif Equa 27 Physics 46 Calculus 28

Physics 41 Trig 31 Geometry 26 Writing 44 Non-metal 28
Speaking 26

SKILLED ACTIVITIES: (25% or more response)
Employee PracticeEmployer Requirements

Tech Reports 97 Design 92 Elect Equip 59 Tech Reports 83

Testing 97 Supervision 87 Aut Equip 59 Research 81

Research 96 Drafting 86 Comput Prog 44 Supervision 76

Syst Anal 95 Prod Inspect 78 Surveying 42 Testing 39

Qual Control 95 Prod Layout 75 Precis Mach 31 Design 37

Instr Calib 93 Sales, etc 61 Prod Inspect 34

,

CONTINUING EDUCATION:
(Extent) Emplr Emnle (Purpose) Emplr Emple

On the job 38 44 Make up educ deficiency 20

Subsidize in schools 55 17 Keep up with adv tech 67 56

Arrange in schools 55 20 Prep for higher position 41 24

Personal choice and cost 23 Better educ background 77 63

NAJOR FACTORS GOVERNING ADVANCEMENT:
Employer Policy Employee Opinion

Performance 100 Performance 76

Experience 87 Experience 65

Education 50 Education 26

Personality 27 Personality 24

Seniority 2 Seniority 15
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JOB SATISFACTION: (787
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feel they made a good career choice) JOB DISSATISFACTION:

Nature of work 93 Employer Relations 50 Opp for advancement 43

Facilities 65 Salary 44 Salary 37

Fringe Benefits 61 Opp for advancement 37 Employer Relations 26

Importance of work 54 Job Security 37

SOURCES OF RECRUITMENT: EMPLOYEE'S LAST PREVIOUS EMPLOYTIENT :

1st: Promotion within 56 Same job, out of state 41

2nd: Other employers 45 School 20

3rd: Direct from schools 49 Lower level, same employer 11

Same job in Arizona 9

Armed Services 6

PERSONNEL CHARACTERISTICS: (two highest responses)

Age Years Since Degree HS Rank HS Maior

40s: 31 More than 10 yrs: 56 Upper 10%; 48 Coll Prep: 68

50s: 26 5 to 10 yrs: 17 Upper k: 24 General: 18

PREVIOUS EXPERIENCE:
Skilled Technical

1 to 3 yrs: 4 1 to 3 yrs: 13

3 to 5 yrs: 2 3 to 10 yrs: 6

MONTHLY SALARY RANGES: (two highest responses)
Employers' Schedule

Engineering
More than 10 yrs:
1 to 3 yrs:

Present Personnel

Min: 500 to 700: 44 700 to 900: 37 900 to 1,200: 31

MAx: 900 to 1,200: 42 More than 1,200: 33 700 to 900: 30

Metallurgical_Engineering: These, like other engineers, spend most of their
time in research, supervision, and writing technical reports. Their technical res-
ponsibilities include testing, design, inspection, and varying amounts of systems
analysis, quality control, instrumentation, equipment utilization, and sales. A
general knowledge of every subject covered in the survey is needed for this field
according to substantial numbers of both engineers and their employers. The fu-

ture is expected to bring more emphasis on the physical sciences, materials, and

communication, plus instrument calibration, electronics, and business administra-

tion. A bachelor's degree is almost mandatory for employment, and a masters or

even a doctorate is preferred. One-fourth of the engineers who answered question-
naires reported having graduate degrees, and two-thirds said most of the skills

and knowledge required in the occupation were learned in college.

Salaries are not as high as most other fields. The maximum for two-thirds
of the metallurgical engineers in Arizona is under $1,200. Job satisfaction is
somewhat lower than in other engineering fields with the exception of mining which

is even lower. In both cases this may be partly the result of the nationwide cop-
per strike going on when the survey was made.
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TABLE 40

PROFILE OF MINING ENGINEERING

EDUCATIOVAL LEVEL: (two highest levels identified)
Emplour Requirements Employer Preference

BS-BA 83 BS-BA 83
MS-MA 6 MS-MA 9

REJECTS

Physics 82

Geology 82

Writing 81

Reading 81

Speaking 81
Geometry 80
Calculus 80
Drafting 80
Algebra 79

WHICH AT LEAST A GENERAL KNOWLEDGE
Employer OPinion

Trig 79 Humanities 63

Chemistry 79 Mach Econ 62

Metallurgy 79 Electric 61

Non-metal 78 Mfg Process 54
Dif Equa 75 Comput Prog 41
Hyd-Pneumat 75 Comput Tech 41
Business Ad 75 Mach Tools 36

Soc Studies 71 Machinablty 36

Instr Calib 68

SUBJECTS IN WHICH AWAKED KNOWLEDGE IS
Employer Opinion

Employee Achievement
BS-BA 82
MS-MA 5

IS REQUIRED: (25% or more response)

Employee
Trig 91

Geology 91

Writing 90
Algebra 89
Drafting 87

Geometry 85

Reading 85

Speaking 84
Chemistry 78

Opinion
Calculus 56

Non-metal 52

Comput Prog 50

Instr Calib 48
Electric 48
Soc Studies 42
Mfg Process 39
Comput Tech 38

Mach Econ 36
Physics 77 Dif Equa 32

Metallurgy 68 Mach Tools 31
Business Ad 63 Humanities 29
Hyd-Pneumat 62 Machinablty 25

RE UIRED: (25% or more response)

Employee Opinion
Writing 58 Drafting 33 Geology 56 Geometry 32

Reading 58 Algebra 32 Trig 29 Algebra 29
Geology 51 Trig 32 Writing 35 Speaking 29
Physics 40 Chemistry 26 Reading 35 Drafting 27
Speaking 36 Hyd-Pneumat 25
Geometry 34

SE1LLED ACTIVITIES: (25% or more response)
EmPloYer Requirements

Surveying 81
Tech Reports 81
Research 80
Drafting 80
Supervision 79

Testing 77

Design 74

Qual Control 73
Prod Layout 65

Systems Anal 61

Instr Calib 55
Sales, etc 51
Prod Inspec 45
Comput Prog 39
Elect Equip 37

Employee Practice
Supervision 64 Surveying 28
Tech Reports 54 Prod Inspt 26
Drafting 48 Prod Layout 26
Prod Design 44 Qual Contr 25

Research 35

CONTINUING EDUCATION:
(Extent) Emplr Emple (Purpose) EmPlr Emple

On the job 33 61 Make up educ deficiency 10
Subsidize in schools 35 13 Keep up with adv tech 47 60
Arrange in schools 36 19 Prep for higher position 58 31

I Personal choice and cost 34 Better educ background 60 60

Il'AJOR FACTORS GOVERNING ADVANCEMENT:
Employer Policy Employee Opinion

Performance 100 Performance 77

Experience 77 Experience 68
Education 61 Education J4
Seniority 25 Seniority 34
Personality 23 Personality 26
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JOB SATISFACTION: (71% feel they made a good

Nature of work 89 Importance of work 53

Facilities 76 Job Security 52

Fringe Benefits 68 Opp for advancement 45

Emplr Relations 68 Salary 31

SOURCES OF RECRUITMENT:
1st: Promotion from within 47

2nd: Other employers 44

3rd: Direct from schools 33

PERSONNEL CHARACTERISTICS:
Age Years

40s: 34
30s: 26

career choice) JOB DISSATISFACTION:
Salary 45

Opp for advancement 34

EMPLOYEES' LAST PREVIOUS EMPLOYMENT:
School 24

Same job, out of state 21

Lower level, same employer 21

Same job in Arizona 5

(two highest responses)
Since Degree HS Rank

More than 10: 58 Upper 10% 33

5 to 10 yrs: 15 Upper k: 30

PREVIOUS EXPERIENCE:
Skilled Technical

Up to 3 yrs: 5 Up to 3 yrs: 9

3 to 5 yrs: 2 More than 3 yrs: 8

HS Ma or

toll Prep: 62

General: 30

Engineering
More than 10 yrs: 55
5 to 10 yrs: 18

MONTHLY SALARY RANGES: (two highest responses)
Present PersonnelEmplovers',Scheaulo

Min: 500 to 700: 72 700 to 900: 15 700 to 900: 37

Max: 900 to 1,200: 36 700 to 900: 36 900 to 1,200: 27

More than 1,200: 22 More than 1,200: 13

Mining Engineering: The principal activities reported are supervision and

writing technical reports, with a varying amount of drafting, design, research,

surveying, production inspection, production layout, and quality control. Employers

indicate that future trends in education should emphasize busiaess administration,

computer programming, and especially communications. Present requirements in-

clude a general knowledge of almost every technical area in engineering sciences,

and advanced preparation in math through calculus, the physical sciences, communi-

cations, and drafting. A baccalaureate degree is almost universally required for

employment, but there is less interest in advanced degrees in mining than in any

other field on the part of both employers and the engineers themselves. Support

for continuing education is correspondingly low. Employers also report less need

fo expand enrollments or add educational programs in Arizona than in other fields

of engineering.

Since the survey was made during a nation-wide strike in the copper industry,

it is not surprising to find 45% of the mining engineers dissatisfied with salaries

compared with 30% who are satisfied. However, this field ranks with geological

and chemical engineering at the bottom of the salary scale. Not only did the min-

ing engineers who answered the questionnaires report lower salaries than other

engineers, but employers reported the lowest maximum salaries of any field. In

other respects such as high school class rank, baccalaureate or higher degrees,

and experience, mining engineers rank near the top of the profession.
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TABLE 41
PROFILE OF ASSOCIATE CIVIL ENGINEERING

EDUCATIONAL LEVEL: (two highest

A GENERAL

levels identified)
Employer Preference Employee AchievementEmployer Requirements

HS 75

Some Coll 19

SUBJECTS IN WHICH AT LEAST

AS-AA 68
BS-BA 20

KNOWLEDGE IS REQUIRED:

Some Coll,
BS-BA

(25% or more
Opinion

No Degree 34
24

response)

Employer Opinion Employee

Geometry 96 Speaking 92 Algebra 93 Instr Calib 58

Algebra 95 Physics 88 Trig 93 Business Ad 54

Trig 95 Calculus 86 Geometry 91 Chemistry 51

Drafting 93 Business Ad 85 Writing 85 Hyd-Pneumat 40

Writing 92 Chemistry 82 Reading 85 Calculus 32

Reading 92 Geology 81 Drafting 84 Soc Studies 29

Speaking 82 Non-Metal 27

Physics 61 Dif Equa 26

Geology 59

SUBJECTS IN WHICH ADVANCED KNOWLEDGE IS RDUIRED: (25%

Employer Opinion Employee
None Trig

Drafting
Ceometry
Algebra

or more response)
Opinion
39
33

32

31

SKILLED ACTIVITIES: (25% or more response)
Employee OpinionEmployer Requirements

Drafting 94 Sales etc 35 Supervision 80 Prod Inspect 33

Surveying 91 Testing 82 Drafting 52 Research 33

Tech Reports 90 Qual Control 75 Surveying 50 Testing 31

Supervision 90 Qual Control 42 Sales, etc 26

Tech Reports 42

CONTINUING EDUCATION:
(Extent) Emplr Emple (Purpose) Emplr Emple

On the job
Subsidize in school3

27

86

65
6

Make up educ deficiency
Keep up with adv tech

16

17 75

Arrange in schools 10 11 Prep for higher position .85 57

Personal choice and cost 53 Better educ background 20 73

MAJOR FACTORS GOVERNING ADVANCEMENT:
Employment Policy

Performance 98
Experience 35

Education 11

Personality 8

Seniority 6

Employee Opinion
Performance 72

Experience 68

Education 35

Personality 29

Seniority 21



Cont. Associate Civil Engineering 151

JOB SATISFACTION: (85% feel they made a good career choice) JOB DISSATISFACTION:

Nature of work 93 Employer Relations 67 Salary 36

Facilities 7C Fringe Benefits 60

Job Security 76 Importance of work 60

Opportunity for adv 68 Salary 46

SOURCES OF RECRUITUENT:
1st: Promotion from within 88

2nd: Other Employers 77

3rd: None 0

EMPLOYEES' LAST PREVIOUS EUPLOYNENT:
Lower level, same employer 27

Same job in Arizona 20

Same job, out of state 14

School 17

PERSONNEL CHARACTERISTICS: (two highest responses)
HS Rank

40
24

HS Ma or
42
41

Years Since Degree
.4.31

30s: 35 More than 10 yrs: 63

40s: 24 5 to 10 yrs: 17

Upper 41:

Upper k:

Coll Prep:
General:

PREVIOUS EXPERIENCE:
Skilled

Up to 10 yrs: 8

More than 10 yrs: 8

Technical
Up to 10 yrs: 34

Dore than 10 yrs: 29

MONTHLY SALARY RANGES: (two highest responses)

Employers' Schedule

DIELEtEELE&
Up to 10 yrs: 24

Ubre than 10 yrs: 21

Present Personnel

Min: 500 to 700: 90 Less than 500: 5 500 to 700: 52

HAX: 700 to 900: 90 900 to 1,200: 6 700 to 900: 44

Associate Civil Engineering: This occupation involves supervision, drafting,

surveying, and some technical report writing. A general knowledge of physics,

chemistry, geology, communications and business administration is needed as well

as some advanced knowledge of algebra, geometry, trigonometry, and drafting. Fu-

ture requirements are expected to be higher in all areas of math, including cal-

culus and differential equations. About three-fourths of the associate civil

engineers in the survey received most of their training on the job, the rest in

college. The minimum educational requirement in most cases is a high school

diploma, but most employers prefer applicants with at least associate degrees.

The majority of employers feel the junior colleges should increase their respon-

sibility for developing associate engineers. Employer subsidies for continuing

education are available, but comparatively few employees have actually taken

additional courses.

Job satisfaction is high as far as the work is concerned but fairly low in

the matter of salaries, which start at $500 to $700 per month and go no higher

than $900. Employers have only two real preferences of where to get new personnel

for this occupation: promote them up from lower level positions or hire them

away from other employers. Most associate civil engineers in the survey have

come from similar jobs with other employers and no doubt up from the ranks at one

time. They are almost evenly divided in age from the twenties to the fifties, and

most of them expect to continue to advance to higher positions in civil engin-

eering and management.
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TABLE 42
PROFILE OF ASSOCIATE ELECTRICAL ENGINEERING

EDUCATIONAL LEVEL: (two highest
Employer Requirements

levels identified)
Employer Preference Employee Achievement

HS 86 AS-AA 66
Some Coll 10 Coll, No Degree 19

SUBJECTS IN WHICH AT LEAST A GENERA/ KNOWLEDGE IS REQUIRED: (25%

Coll, No Degree 44
HS 14

or more response)
OpinionEmployer Opinion Employee

Electric 100 Comput Tech CO Writing 91 Physics 54
Algebra 100 Integ Circ 77 Drafting 09 Instr Calib 46
Speaking 97 Geometry 73 Reading 87 Integ Circ 46
Drafting 95 Calculus 71 Speaking 87 Comput Prog 46
Instr Calib 92 Dif Equa 70 Electric 85 Ufg Process 38
Trig 35 Comput Prog 67 Algebra 82 Comput Tech 29
Writing 85 Business Ad 64 Geometry 71 Calculus 27
Physics 82 Computgraph 58 Trig 63 Soc Studies 27
Reading 82 Ufg Process 27 Business Ad 61

SUBJECTS IN WHICH ADVANCED KNOWLEDGE IS REQUIRED: (25% or more response)
Employer Opinion Employee Opinion

Electric 63 None
Algebra 60

Geometry 59

SKILLED ACTIVITIES: (25% or more response)

Employee PracticesEmployer Requirements
Tech reports 94 Supervision 82 Drafting 57 Prod layout 30
Syst Anal 93 Sales, ett 80 , Supervision 50 Surveying 30
Tcsting 92 Prod Layout 69 Research 46 Sales, etc 29
Drafting 91 Surveying 57 Tech Reports 43 Syst Anal 26
Instr Calib 90 Design 37 Design 36
Qual Control 88 Research 29

Precis Mach 25
CONTINUING EDUCATION:

(Extent) Emplr Emple (Purpose) Emplr Emple,
On the job 93 92 Uake up educ deficiency 80
Subsidize in schools 89 20 Keep up with adv tech 37 85
Arrange in schools 02 27 Prep for better position 83 48
Personal choice and cost 44 Better educ background 91 76

UAJOR FACTORS GOVERNING ADVANCEMENT:

Employee OpinionEmployer Policy
Performance 100 Performance 67
Experience 94 Experience 57
Personality 68 Personality 37
Education 65 Education 37
Seniority 3 Senicrity 10



Cont. Associate Electrical Engineering 153

JOB SATISFACTION:
Nature of work

Facilities
Fringe benefits
Employer Relations

(86% feel they made a good career choice) JOB DISSATISFACTION:

88 Salary 60 Opportunity for adv 27

78 Importance or work 55

76 Opportunity for adv 48

64

SOURCES OF RECRUITMENT:
1st: Promotion from within 92

2nd: Direct from school 66

3rd: Other employers 26

EMPLOYEES' LAST PREVIOUS EMPLOYMENT:
Lower level, same employer 26

Armed Services 21

School 14

Out of state, same job 13

PERSONNEL CHARACTERISTICS: (two highest responses)

Age Years Since Degree HS Rank HS Ma or

30s: 38 More than 10 yrs: 65 Upper k: 32 Coll Prep: 51

40s: 38 5 to 10 yrs: 12 Upper 10%; 25 General: 25

PREVIOUS EXPERIENCE:
Skilled Technical

Mbre than 3 yrs: 20 More than 3 yrs: 31

Less than 3 yrs: 4 Less than 3 yrs: 14

MONTHLY SALARY RANGES: (two highest responses)

Engineering
More than 10 yrs: 34

5 to 10 yrs: 19

Employers' Schedule Present Personnel

Min: 500 to 700: 88 700 to 900: 3 700 to 900: 66

Max: 700 to 900: 67 900 to 1,200: 26 500 to 700: 20

Associate Electrical Engineering: The work performed is similar to that of elec-

trical engineers but with more emphasis on applied technology than on supervision,

research, and writing technical reports. Drafting, production design, production

layout, and surveying are found more frequently in the associate engineer's duties.

A general knowledge of virtually all courses in math, science, communications, busi-

ness administration, liberal arts, and technical subjects pertaining to electri-

city and manufacturing is considered necessary by both employers and employees.

Very little advanced knowledge is needed. The minimum educational requirements for

employment i8 high school. Most employers prefer associate degrees and feel that

junior colleges and universities both should increase their responsibility in

educating persons for this field. Three-fourths of the associate engineers who

answered questionnaires acquired most of their technical knowledge and skills on

the job.

Salaries reflect lower educational requirements compared with engineers. They

range from $500 per month to $1,200. Two-thirds of those who answered question-

naires are in the $700 to $900 bracket. Job satisfaction is only moderately high,

with some noticeable dissatisfaction with opportunities for advancement. The typi-

cal associate electrical engineer is about 40 years of age, ranked in the upper

half of his high school class, has some college but no degree, is continuing his

education -- if at all -- at a slow pace, came to his present job from a similar

position in another company or the armed forces, and expects to be working as a full

engineer or in management ten years from now.
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TABLE 43
PROFILE OF ASSOCIATE HECHAVICAL ENGINEERING

EDUCATIONAL LEVEL: (two highest
Employer Requirements

Voc-Toch 79
HS 11

levels identified)
Employer Preference

BS-BA 50
AS-AA 37

Employee Achievement
Some Coll, no degree 33
BS-BA 17

SUBJECTS IN WHICH AT LEAST A GENERAL KNOWLEDGE IS REQUIRED: (25% or more response)
Employer

Algebra 99
Trig 90
Drafting 96

Metallurgy 86

Non-Netal 84

Hyd-Pneumat 04
Geometry 66

Writing 66

Opinion
Mfg Process 58
Hach Econ 55

Calculus 53

Machinablty 47
Instr Calib 46
Physics 44
Electric 41

' SUBJECTS IV WHICH ADVANCED KNOWLEDGE IS
Employer Opinion

None

Employee Opinion
Drafting 90 Geometry 69 Hyd-Pneu 54
Mach Tools 03 Trig 66 iletallurgy 48
Reading 03 Instr Calib 66 Soc Studies 41
Speaking 82 Physics 62 Comput Tech .41
Mfg Process 80 Non-Metal 58 Comput Prog 35
Algebra 76 Chemistry 58 Calculus 31
Machinablty 76 Business Ad 58 Integ Circ 31
Electric 76 Hach Econ 55 Humanities 31
Writing 74

REQUIRED: (25% or more response)
Employee Opinion

Speaking 41
Reading 38
Writing 34

Drafting 31

Mfg Process 23

SKILLED ACTIVITIES: (25% or more response)
Employee OpinionEmployer Requirements

Drafting 90 Syst Anal 57 Supervision 56 Sales, etc 35

Testing 96 Instr Calib 53 Drafting 48 Syst Anal 34
Prod Design 94 Precis Hach 44 Tech Reports 48 Qual Control 28

Qual Control 93 Elect Equip 36 Research 42 Testing 27

Tech Reports 93 Prod Design 38

1 CONTINUING EDUCATION:
(Extent) Emplr Emnle (Purpose) Emplr Emple

On the job 89 31 Make educ deficiency 86
Subsidize in schools 87 31 Keep up with adv tech 89 55
Arrange in schools 84 17 Prep for higher position 90 41
Personal choice and cost 41 Better educ background 92 76

MAJOR FACTORS GOVERNING ADVANCEHENT:
Employee OpinionEmployer Policy

Performance 99 Performance 59

Experience 94 Experience 52

Education 03 Education 41
Seniority 6 Personality 31
Personality 5 Seniority 7



Cont. Associate Mechanical

JOB SATISFACTION:

Engineering 155

(C6% feel they made a good career choice)

69 Importance of work 38

62 Salary 34

55 Fringe Benefits 34

38 Opportunity for advantement 31

JOB DISSATISFACTION:

Nature of work
Employer RelatioAs
Facilities
Job Security

-0-

SOURCES OF RECRUITMENT:
1st: Promotion from within 90
2nd: Direct from schools 49

3rd: Other Employers 46

EMPLOYEES' LAST PREVIOUS EMPLOYMENT:
Lower level, same employer 28
School 24

Same job in Arizona 21

Same job, out of state 10

PERSONNEL CHARACTERISTICS: (two highest responses)

Age Years Since Degree HS Rank HS Ma or

20s: 31 More than 10 yrs: 34 Upper k: 37 Coll Prep: 1:1

30s: 31 5 to 10 yrs: 31 Upper k: 34 General: 2,1

PREVIOUS EXPERIENCE:
Skilled Technical Engineering

More than 10 yrs: 21 Up to 10 yrs: 34 Up to 10 yrs: 27

Up to 10 yrs: 10 More than 10 yrs: 7 More than 10 yrs: 21

MONTHLY SALARY RANGES: (two highest responses)

Employers' ;.;(:: Aulc Present Personnel

Min: 500 to 700:
Max: 700 to 900:

58
56

Less than 500: 36
900 to 1,200: 40

700 to 900:
500 to 700:

45
28

Associate Mechanical Engineering: The duties of associate mechanical engin-

eers include production design, testing, drafting, and writing technical reports.

The job requires a general knowledge of math through trigonometry, physics, non-

metallic materials, hydraulics-pneumatics, and machine economics. An advanced

knowledge is needed of manufacturing processes, drafting, and communications.

Employers anticipate an increasing demand for trained associate mechanical

engineers. They favor cooperative education, increased responsibility for train-

ing in high schools, voc-tech schools, junior colleges and universities. Most

employers subsidize continuing education. Educational requirements for this oc-

cupation are vocational-technical training or high school, but employers prefer

a baccalaureate degree or associate degree. Most personnel have some college.
Salaries range from below $500 to more than $1,200 per month with the average

somewhat under $900. Most personnel are in their 20s or 30s. The overwhelming
choice of employers in filling this job is to promote men from lower level posi-

tions, but less than one-third of those who answered questionnaires had acquired

their positions that way. Nearly one-fourth of them came directly from school,

possibly without finishing degree programs.
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TABLE 44 .

PROFILE OF CONSTRUCTION ENGINEERING

DUCATIONAL LEVEL: (two highest levels identified)

Employer Requirements

GENERAL

Employer Preference Employee Achievement

HS 23

Less than HS 20

UBJECTS IN WHICH AT LEAST A

Some Coll 66

Voc-Tech 14

KNOWLEDGE IS REQUIRED: (257

Some Coll 52

HS 24

or more response)
OpinionEmployer Opinion Employee

Reading 94 Electric 42 Speaking 90 Mfg Process 44

Speaking 93 Soc Studies 41 Drafting 88 Instr Calib 43

Algebra 86 Instr Calib 40 Reading 83 Electric 43

Drafting 82 Mach Tools 40 Writing 80 Non-metal 39

Geometry 81 Geology 39 Geometry 76 Machinablty 39

Writing 80 Non-metals 37 Algebra 71 Soc Studies 37

Business Ad 78 Humanities 36 Business Ad 67 Hyd-Pneumat 34

Trig 74 Chemistry 34 Trig 48 Geology 34

Physics 54 Comput Prog 28 Physics 45 Mach Econ 33

HydPheumat 48 Mfg Process 27 Mach Tools 45 Chemistry 29

[SUBJECTS IN WHICH ADVANCED KNOWLEDGE IS REQUIRED: (25% or more response)

Employer Opinion Employee Opinion

,Speaking None

SKILLED ACTIVITIES: (25% or more response)
Employee PracticeEmployer Requirements

Drafting 86 Tech Reports 61 Qual Control 56 Supervision 63 Qual Contr 3

Supervision 84 Testing 61 Syst Anal 42 Prod Design 54 Surveying 3

Surveying 78 Prod Layout 60 Prod Design 40 Drafting 47 Tech Report 3

Sales, etc 62 Prod Inspect 58 Instr Calib 28 Prod Layout 46 Sales, etc 5

Prod Design 42 Testing 2

CONTINUING EDUCATION:

Research 40

(Extent) Emplr Emple (Purpose) Emplr Emple

On the Job 51 49 Make up educ deficiency 19

Subsidize in schools 34 11 Keep up with adv tech 24 56

Arrange in schools 27 13 Prep for higher position 21 33

Personal choice and cost 26 Better educ background 43 54

MAJOR FACTORS GOVERNING ADVANCEMENT:
Employer Policy

Performance 86
Experience 63

Personality 55
Seniority 17

Education 11

Employee Opinion
Performance 84

Experience 66

Seniority 42
Personality 21

Education 20
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JOB SATISFACTION: (937 feel they made a good career choice)
Nature of work 92

Facilities 79

Salary 78

Employer Relations 76

Opport for adv 65

Job Security 56

Fringe Benefits 52

Importance of work 49

JOB DISSATISFACTION:

SOURCES OF RECRUITMENT: EMPLOYEES' LAST PREVIOUS EMPLOYMENT:

1st: Promotion from within 68 Same job, in Arizona 31

2nd: Other employers 47 Lower level, same employer 16

3rd: Direct from School 20

PERSONNEL CHARACTERISTICS: (two highest responses)

Age
40s: 40
50s: 24

Years Since Degree HS Rank
More than 10: 76 Upper k: 33
5 to 10: 9 Upper : 21

PREVIOUS EXPERIENCE:
Skilled Technical

More than 10 yrs: 31 Less than 10 yrs: 16

Less than 10 yrs: 9 More than 10 yrs: 10

MONTHLY SALARY RANGES: (two highest responses)
Employers' Schedule_

Min: 500 to 700: 47 700 to 900: 22 700 to 900: 31

Max: 900 to 1,200: 40 More than 1,200: 30 900 to 1,200: 29

HS Ma"or
General: 41
Coll Prep:30

Engineerin
More than 1
Less than 1

Present Personnel

Construction Engineering: Construction engineers included in the surve

supervisory personnel in construction companies or self-employed builders.

spend most of their time supervising construction projects, inspecting prod

and in sales or public relations. Many of them also do some drafting, prod

layout, and office work. They need a general knowledge of math through tr

metry, communications, drafting, business administration, social studies,

number of technical subjects. Virtually no advanced knowledge is require

than what they learn on the job. Most technical knowledge and skill of t

the survey was acquired that way. Approximately half of them have some c

and nearly one-fourth have baccalaureate degrees. High school or even 1

the only educational requirement of most employers. Performance and exp

are the major factors affecting advancement, with education ranked quit

trend, however, is toward higher formal educational requirements. Most

prefer at least some college, and a degree eventually may be required.

Salaries in construction engineering are slightly lower than in o

but those who responded in the survey indicated a fairly high level of

tion with their salaries and most oth9r aspects of their job. Most e

fer to promote men into this occupation from lower level positions an

those working in Arizona today have come up through the ranks.

0 yrs: 28
0 yrs: 11
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TABLE 45
PROFILE OF AERONAUTICAL TECHNOLOGY

EDUCATIONAL LEVEL: (two highest levels identified)
Employer Preference

(25%

Employee AchievementEmployer Requirements
Voc-Tech 52 BS-BA 38

Some Coll, No Degree 19 Some Coll, No Degree 33

SUBJECTS IN WHICH AT LEAST A GENERAL KNOWLEDGE IS REQUIRED:

Voc-Tech
Some Coll, No

or more response)
Opinion

33

Degree 26

51
Employer Opinion

54

Employee

Hyd-pneumat 99 Machinablty Hyd-Pneumat 81 Algebra

Electricity 94 Trig 53 Electric 76 Non4letal 49

Inst Calib 87 Calculus 52 Inst Calib 72 Mfg Process 47

Mach Tools 86 Business Ad 46 Mach Tools 69 Geometry 46

Writing 87 Metallurgy 45 Reading 69 Metallurgy 46

Reading 87 Mach Econ 44 Speaking 64 Integ Circ 42

Algebra 66 Integ Circ 42 Machinablty 63 Chemistry 35

Geometry 65 Non-metal 41 Drafting 63 Business Ad 31

Speaking 65 Soc Studies 40 Writing 62 Mach Econ 29

Drafting 64 Humanities 39 Physics 52 Trig 27

Physics 62 Mfg Process 38

Chemistry 54 Dif Equa 37

SUBJECTS IN WHICH ADVANCED KNOWLEDGE IS REQUIRED: (257 or more response)

Employer Opinion Employee Opinion

Algebra 38 Trig 32 Hyd-Pneumat 40

Geometry 38 Physics 32 Instr Calib 26

Metallurgy 38 Dif Equa 32 Electric 26

Electric 38 Machinablty 32
Hyd-Pneumat 38
Mach Tools 33

Mach Econ 32

Instr Calib 32

SKILLED ACTIVITIES: (25% or more response)

Employer Requirements Employee Opinion

Instr Calib 91 Supervision 75 Testing 48 Research 26

Qual Control 87 Prod Inspect 67 Supervision 45 Prod Inspect 27

Testing 86 Drafting 65 Qual Control 40 System Anal 26

Elect Equip 83 Systems Anal 53 Instr Calib 34 Electric Equip 26

Tech Reports 82 Prod Design 44 Tech Reports 34

CONTINUING EDUCATION:
(Extent) Emplr Emple (Purpose) Emplr Emple

On the job 91 91 Make up educ deficiency 22

Subsidize in schools 45 10 Keep up with adv tech 23 83

Arrange in school 21 17 Prep for higher position 24 33

Personal choice and cost 26 Better educ Background 53 59

MAJOR FACTORS GOVERNING ADVANCEMENT:
Employer Policy.

Experience 97

Performance 94
Personality 29
Education 20

Seniority 2

Employee Opinion
Experience 62

Performance 57

Seniority 50

Education 31

Personality 19
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JOB SATISFACTION:
Nature of work 86
Facilities 67

Job Security 67

Salary 60

(80% feel they made a good career choice) JOB DISSATISFACTION:

Fringe Benefits 60 Salary 26

Employer Relations 60

Importance of work 59

OpportUnity for advancement 45

SCCRCES OF RECRUITIIENT:
1st: Other Employers 23

2nd: Direct from Schools 46
3rd: None

PERSONNEL CHARACTERISTICS:
Age Years Since Degree

40s: 33 liore than 10 yrs: 47

20s: 29 5 to 10 yrs: 21

PREVIOUS EXPERIENCE:
Skilled

Ilore than 10 yrs: 36

Up to 10 yrs: 20

EIIPLOYEES' LAST PREVIOUS EIIPLOYIIMIT:
Same job, out of state 24

Armed Services 22

School 19

Lower level, same employer 14

HS Rank
Upper 3/4: 44
Upper 3/4: 24

Technical

Vp to 10 yrs: 28

/lore than 10 yrs: 14

II011THLY SALARY RANGES: (two highest responses)

Employers Schedule'

Min: 500 to 700: 40 Less than 500: 22

llax: 700 to 900: 32 500 to 700: 28

HS Haior
General: 34
Coll Prep: 29

Engineering
1 to 3 yrs: 5
-0-

Present Personnel
500 to 700: 43
700 to 900: 38

Aeronautical Technician: Supervision, testing, and quality control make up the

principal activities of aeronautical technicians, with an appreciable amount of in-

strumentation and technical report writing. A general knowledge is needed of algebra,

geometry, trigonometry, machine tools, machinability, and drafting, with advanced

knowledge of hydraulics-pneumatics, instrument calibration and electronics. In the

future, more preparation in all these areas plus applied metallurgy and non-metallic

materials may be needed.

nost employers would like to see more people being trained in aeronautical

technology, and they favor the vocational-technical schools for this job. The

minimum educational requirement is a technical certificate or some college, and

employers prefer more college -- many of them a BS degree. ,Ilost personnel who

answered questionnaires have vocational-technical training or some college without

a degree, and they say they acquired their technical skills and knowledge largely on

the job. Salaries range from less than $500 to more than $900 per month, with most

personnel reporting an average of a little under $300. nore than one-fourth of those

responding in the survey were dissatisfied with their salary, and fewer than half

were pleased with their opportunities for advancement. Host of them expect to be

working in higher positions in ten years, chiefly management.
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TABLE 46
PROFILE OF CHIKIICAL TECHNOLOGY

EDUCATIONAL LEVEL: (two highest levels identified)

Employer Requirements Employer Preference kl-212Y11.1.02LEMBEEL
Some Coll, No Degree
BS-BA

(257 or more response)
Opinion

40
24

HS 77 Some Coll, No Degree 40
Some Coll, No Degree 11 BS-BA 32

SUBJECTS IN WHICH AT LEAST A GENERAL KNOWLEDGE IS REQUIRED:
EmpinYer Opinion EmploYee

Algebra 94 Trig 53 Chemistry 91 Metallurgy 49
Chemistry 90 Metallurgy 41 Algebra 78 Non-metal 48
Reading 90 Business Ad 40 Physics 71 Electric 39
Physics 06 Electric 36 Speaking 71 Mfg Process 36

Writing 86 Hach Tools 31 Writing 67 Business Ad 32

Speaking 75 Non-metal 30 Reading 66 Geology 31

Instr Calib74 Mfg Process 29 Instr Calib 61 Drafting 30

Geometry 55 Drafting 27 Geometry 50

SUBJECTS IN mai ADVANCED KNOWLEDGE IS REQUIRED: (257. or more response)

Employer °Pinion Employee Opinion
Chemistry 60 Chemistry 42

SKILLED ACTIVITIES: (257. or more response)

Employer Requirements
Instr Calib 35 Qual Control 55
Tech Reports 78 Elect Equip 32

Testing 77 Drafting 25

Supervision 60

CONTINUING EDUCATION:
(Extent) Emp lr Emp le

On the job 60 60

Subsidize in school 50 12

Arrange in school 32 14

Personal Choice and cost 30

MAJOR FACTORS GOVERNING ADVANCEMENT:
Employer Policy

Performance 100
Experience 54

Education 32

Personality 16

Seniority 15

Employee
Testing 60

Supervision 46
Qual Control 43

Practice
Tech Reports 37
Research 31

Instr Calib 26

(Purpose) Emplr Emple
Make up educ deficiency 24
Keep up with advancing tech 52 62

Prep for higher position 46 34
Better educ background 20 68

Employee Opinion
Performance
Experience
Education
Seniority
Personality

78

66
35

23

20
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JOB SATISFACTION: (33% feel they made a good career choice) JOB DISSATISFACTION:

Nature of work 92 Employer Relations 77 Opportunity for adv 42

Fringe benefits 86 Icportance of work 58

Job security 30 Salary 55

Facilities 77 Opportunity for advancement 40

SOURCES OF RECRUITMENT:
lst: Promotion from within 56

2nd: Other employers 48
3rd: Direct from school 34

ENPLOYEES ' LAST PREVIOUS ElIPLOYILENT:
Lower level, same employer 33

Same job in Arizona 17

Same job out of state 15

School 12

PERSONNEL CHARACTERISTICS: (two highrast responses)

Aas Years Since Deaml HS Rank HS Maior

30s: 29 More than 10 yrs: 57 Upper 10%; 35 Coll Prep: !,6

40s; 29 5 to 10 yrs: 25 Upper k: 26 General: 30

50s: 22

PREVIOUS EXPERIENCE:
Skilled

Up to 10 yrs: 7

More than 10 yrs: 6

Technical
Up to 10 yrs: 38
More than 10 yrs: 35

IIOUTHLY SALARY RANGES : (two highes t responses)

Employers' Schedule
llin: 500 to 700: 42 Less than 500: 34

ilax: 700 to 900: 35 500 to 700: 28

Engineering
Up to 10 yrs:
More than 10 yrs:

Present Personnel
50D to 700: 42

700 to 900: 37

Chemical Technology: The educational requirements for this occupation are
a high school diploma and in some cases college. Employers prefer college work,

many of them baccalaureate degrees, and the technicians who answered question-

naires have these qualifications. They require a general knowledge of algebra,

geometry, and in some cases, trigonometry, communications, physical sciences,

instrumentation, drafting and business administration. They need advanced know-

ledge only in chemistry. Their work consists primarily of testing, supervision,
quality control, instrumentation and writing technical reports.

The chemical technicians who participated in the survey were in their 30s,

40s and 50s, earning an average of a little under $700 per month, and not too
well pleased with their salaries. They liked their work, but nearly half of
them were dissatisfied with their opportunities for advancement. Employers pre-

fer to fill this position by promoting personnel within their own organizations,

and nearly one-fourth of those in the survey had reached their present positions

in that way. The great majority said they had acquired most of their technical
knowledge and skills through experience, not in school. Advancing technology,

however, is expected to require more preparation in the future, at least in phy-

sics, chemistry, and communications.
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TABLE 47
PROFILE OF CIVIL TECHNOLOGY

EDUCATIONAL LEVEL: (two highest

Em lover Re uirements
HS
Less than HS

87

6

levels identified)
Employer Preference

AS-AA 64

Some Coll, No Degree 17

Employee Achievement
Some Coll, No Degree 36
HS 35

SUBJECTS IN WHICH AT LEAST A GENERAL KNOWLEDGE IS REQUIRED: (25% or more response)
Opinion

. Employer Opinion Employee

Trig 97 Algebra 89 Algebra 99 Writing 72

Drafting 95 Physics 74 Geometry 80 Instr Calib 53

Writing 91 Chemistry 69 Drafting 78 Geology 33

Reading 92 Geology 67 Trig 77 Physics 31

Speaking 92 Business Ad 63 Reading 77 Business Ad 31

Geometry 90 Speaking 75

SUBJECTS IN WHICH ADVANCED KNOWLEDGE IS REQUIRED: (25% or more response)

Employer Opinion Employee Opinion

None Trig 27

SKILLED ACTIVITIES: (25% or more response)

Employer Requirements
Drafting 97

Surveying 97

Testing 82

Supervision 79

Quality Control 68

Sales, etc 67

CONTINUING EDUCATION:
(Extent) Emplr Emple

On the job 34 66

Subsidize in school 82 5

Arrange in school 73 14

Personal choice and cost 40

MAJOR FACTORS GOVERNING ADVANCEUENT:
Employer Policy

Performance 100

Experience 81

Education 14

Seniority 5

Personality 4

Employee
Supervision 54

Surveying 53

Drafting 47
Tech Reports 37

Practice
Research 32

Testing 30

Quality Control 29
Prod Inspect 25

(Purpose) Emplr, Emple

Uake up educ deficiency 22

Keep up with adv tech 24 74

Prep for higher Position 81 60

Better educ background 27 71

Employee Opinion
Performance 69

Experience 68

Education 35

Personality 19

Seniority 17
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JOB SATISFACTION: (02% feel they made a good career choice) JOB DISSATISFACTION:

Job Security 05 Employer Relations 64 Salary 36

naturo of wrk 04 Opportunity for advancement 61

Facilities 74 Importance of work 56

Fringe Benefits 66 Salary 42

SOURCES OF URUITIMIT: EMPLOYEES' LAST PREVIOUS EMPLOYMENT

1st: Promotion from within 83 Lower level, same employer 32

2nd: Other Employers 70 Same job in Arizona 18

3rd: Direct from school 15 School 14

Same job out of state 11

PERSONNEL CHARACTERISTICS: (two highest responses)

ALS Years Since Degree BS Rank HS Ma or

20s: 33 More than 10 yrs: 57 UFFIWT: 39 General: 46

30s: 30 5 to 10 yrs: 22 Upper : 18 Coll Prep: 37

PREVIOUS EXPERIENCE:
Skilled

Up to 10 urs: 11

More than 10 yrs: 7

Technical
Up to 10 yrs: 46
Mbre than 10 yrs: 21

MONTHLY SALARY RANGES: (two highest responses)

Engineering
Up to 10 yrs:
More than 10 yrs:

Emploverst.Schedule Present Personnel

Min: Less than 500: 82 500 to 700: 15 500 to 700: 69

Max: 500 to 700: 67 700 to 900: 20 Less than 500: 22

Civil Technoloa: The principal duties in this occupation include supervi-

sion, drafting, surveying, and for many technicians, testing and quality control.

They must be knowledgeable in algebra, geometry, trigonometry, instrument calib-

ration, drafting, and communications. Advanced preparation is not greatly needed

in any subject, however, all mathematics are expected to require more emphasis

in the future. At the present time no formal educational requirement is neces-

sary for employment. Employers prefer associate degrees, and most of those who

answered the questionnaires have at least a high school diploma and many of them

some college. Additional classroom training, either arranged by employers or

subsidized by them, is available to most civil technicians.

Salaries in this occupation start at less than $500 and go to $900 or more

per month. Most of those in the survey earn less than $700, nearly one-fourth

earning less than $500, and a substantial number expressed dissatisfaction with

this feature of the job. Employers prefer to fill positions in this occupation

by promotion from within their organization or from other employers, and the

great majority of civil technicians in the survey have come into their present

jobs in one of these ways. They are largely young men in their 20s and 30s with

limited experience, and a substantial majority expect to be in higher positions

in engineering or technology ten years from now.
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TABLE 48
PROFILE OF DATA PROCESSING TECHNOLOGY

EDUCATIONAL LEVEL: (two highest levels identified)
Employer Preference Employee AchievementEmployer Requirements

Voc-Tech 66

HS 27

SUBJECTS IN WHICH AT LEAST A GENERAL

AS-AA 67

BS-BA 14

KNOWLEDGE IS REQUIRED:

Some Coll, No Degree 30
Armed Services 15

(25% or more response)
Employer Opinion Employee Opinion

Comput Tech 100 Physics 83 Comput Prog 96 Geometry 49
Reading 100 Computgraph 82 Comput Tech 92 Trig 48
Writing 99 Instr Calib 77 Reading 80 Physics 42
Speaking 99 Mfg Process 66 Speaking 80 Mfg Process 41
Algebra 97 Drafting 65 Algebra 75 Business Ad 41
Comput Prog 96 Business Ad 28 Electric 71 Calculus 31
Trig 93 Calculus 26 Writing 71 Drafting 29
Geometry 92 Dif Equa 26 Instr Calib 58 Dif Equa 27
Electric 86 Integ Circ 52 Mach Tools 26
Integ Circ 85 Computgraph 51

SUBJECTS IN WHICH ADVANCED KNOWLEDGE IS REQUIRED: (257 or more response)
Employer Opinion Employee Opinion

Comput Prog 89 Comput Tech 56
Comput Tech 88 Comput Prog 47
Computgraph 80 Electric 42
Electric 67

Integr Circ 66

SKILLED ACTIVITIES: (257 or more response)
Employer Requirements

Comput Prog 99 Qual Control 82
Syst Anal 95 Testing 68
Tech Reports 95 Drafting 66
1Supervision 85 Design 65
lElectr Equip 83

Employee
Comput Prog 63

Supervision 48
Syst Anal 45
Testing 42

Practice
Qual Control 38
Tech Reports 37
Electr Equip 30

CONTINUING EDUCATION:
Emplr Emple (Purpose) Emplr Emple(Extent)

On the job 94 84 Make up educ deficiency 70
Subsidize in schools 89 18 Keep up with advancing tech 83 89
Arrange in schools 81 25 Prep for higher position 83 48
Personal choice and cost 43 Better educ background 72 65

MAJOR FACTORS GOVERNING ADVANCEMENT:
Employee OpinionEmployer Policy

Performance 100 Performance 38
Experience 92 Experience 33
Education 11 Education 11
Personality 9 Seniority 9
Seniority 1 Personality 8
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JOB SATISFACTION: (88% feel they made a good career choice) JOB DISSATISFACTION:

Nature of work 43 Fringe Benefits 30 -0-

Salary 35 Job Security 30

Facilities 35 Importance of work 29

Opportunity for adv 32

SOURCES OF RECRUITMENT: EMPLOYEES' LAST PREVIOUS EMPLOYMENT:

1st: Promotion from within 82 Armed Services 27

2nd: Direct from schools 71 School 18

3rd: Other Employers 14 Same job in Arizona 16

Promotion 13

PERSONNEL CHARACTERISTICS: (two highest responses)

Age Years Since Degree HS Rank HS Major

20s: 46 More than 10 yrs: 29 Upper k: 41 Coll Prep: 45

30s: 32 5 to 10 yrs: 25 Upper : 23 General: 33

PREVIOUS EXPERIENCE:
Skilled

Up to 10 yrs: 11

More than 10 yrs: 4

Technical
Up to 10 yrs: 58

More than 10 yrs: 20

MONTHLY SALARY RANGES: (two highest responses)

Engineering
Up to 10 yrs: 9

More than 10 yrs: 3

Emvloyers' Schedule Present Personnel

Min: 500 to 700: 74 Less than 500: 24 500 to 700: 71

Ilax: 500 to 700: 70 900 to 1,200: 19 700 to 900: 13

Dataj_'r.os_essigTeclg_ilnolo: The major activity in this occupation is com-

puter programming, but duties also include supervision, systems analysis, testing,

quality control, surveying, electronic equipment, and writing technical reports.

These activities require a good general knowledge of mathematics through trigono-

metry, instrument calibration, electronics, integrated circuits, computergraphics,

and communications. Advanced knowledge is required in computer programming and

computer technology. The future is expected to bring higher requirements in the

same areas, as well as in physics, chemistry, differential equations, manufac-

turing processes, and drafting. Nearly all employers favor strengthening com-

munications and business courses in data processing education.

Employment in this field requires some voc-tech school training or armed

service experience and there is a preference for junift.college graeuates.

Nearly all employers indicate a growing demand for prople trained in data pro-

cessing, and favor cooperative education programs and greater effort on the

part of high schools, voc-tech schools, and junior colleges. They also en-

courage continuing education after employment, but education ranks at the bot-

tom of all technical fields by both employers and employees as a major factor

in advancement. Salaries range from less than $500 per month to around $1,200,

with most personnel in Arizona earning between $500 and $700. Those who an-

swered questionnaires reported about the same level of satisfaction with their

choice of a career as other technical fields, but considerably lower levels of

satisfaction with all of its features. Employers prefer to get new technici-

ans by promoting persons from lower level jobs, but have a strong second pre-

ference for applicants from the schools. A substantial number of today's

technicians came from the armed services, are young, and ambitious.
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TABLE 49
PROFILE OF DRAFTING TECHNOLOGY

EDUCATIONAL LEVEL: (two highest levels identified)
Employer Preference

(25%

Employee AchievementEmployer Requirements
HS 54 AS-AA 40

Voc-Tech 31 Some Coll, No Degree 33

SUBJECTS IN WHICH AT LEAST A GENERAL KNOWLEDGE IS REQUIRED:

Some Coll, No
HS

or more response)
Opinion

Degree 48
19

Employer Opinion Employee

Drafting 98 Non-metal 44 Drafting 97 Mfg Process 50

Trig 96 Mach Econ 42 Algebra 90 Machinablty 47

Geometry 92 Business Ad 41 Geometry 90 Instr Calib 36

Speaking 92 Soc Studies 39 Trig 86 Non-metal 35

Reading 90 Humanities 37 Reading 79 Hyd-Pneumat 33

Writing 39 Computgraph 35 Writing 78 Mach Econ 33

Algebra 89 Electric 31 Speaking 72 Calculus 29

'Mfg Process 47 Mach Tools 30 Electric 53 Chemistry 28

Machinablty 45 Physics 51 Integ Circ 27

Hach Tools 51 Business Ad 25

SUBJECTS IN WHICH ADVANCED KNOWLEDGE IS REQUIRED: (25% or more response)

Employer Opinion Employee Opinion

Drafting 75 Drafting 76

SKILLED ACTIVITIES: (25% or more response)
Employee PracticeEmployer Requirements

Drafting 100 Sales, etc 41 Drafting 92

Tech Reports 58 Prod Inspect 40 Research 52

Prod Design 56 Supervision 27 Supervision 39

Qual Control 50 Surveying 27 Prod Design 33

CONTINUING EDUCATION:
(Extent) Emplr Emple

On the Job 74 65

Subsidize in schools 65 20

Arrange in schools 14 11

Personal choice and cost 49

NAJOR FACTORS GOVERNING ADVANCEMENT:
Employer Policy
Performance 100

Experience 79

Education 53

Personality 43

Seniority 9

(Purpose) Emplr Tipl

Make up educ deficiency 55

Keep up with adv technology 54 72

Prep for higher position 61 49
Better educ background 64 74

Employee Opinion
Performance 74

Experience 65

Education 35

Personality 26

Seniority 23
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JOB SATISFACTION:
Nature of work

Facilities
Fringe Benefits
Employer Relations

(817 feel they made a good career choice) JOB DISSATISFACTION:

78 Job Security 63

72 Importance of work 56

70 Salary 54

64 Opportunity for adv 51

SOURCES OF RECRUITMENT:
1st: Promotion from within 44

2nd: Direct from schools 42

3rd: None 0

Opportunity for adv 26

EMPLOYEES' LAST PREVIOUS EUPLOYMENT:
Lower level, same employer 24

Same job in Arizona 20

Same job out of state 17

School 15

PERSONNEL CHARACTERISTICS: (two highest responses)

&as Years Since Degree

20s: 36 More than 10 yrs: 49

30s: 34 5 to 10 yrs: 20

PREVIOUS EXPERIENCE:
Skilled

Up to 10 yrs: 29

More than 10 yrs: 20

HS Rank
Upper k: 42
Upper : 23

Technical
Up to 10 yrs: 34

More than 10 yrs: 8

NONTHLY SALARY RANGES: (two highest responses)

Employers' Schedule

Min: Less than 500: 52 500 to 700: 46

Max: 700 to 900: 65 900 to 1,200: 16

BS Ma or
Coll Prep: 37

General: 33

Engineering
Up to 10 yrs: 14

More than 10 yrs: 9

Present Personnel
500 to 700: 51
700 to 900: 22

Drafting Technology.: This is a highly specialized field requiring advanced

training only in drafting, but dependent on a broad knowledge of engineering and

technology. A common comment by employers in the survey was that drafting tech-.

nicians are not trained well enough in the use of ink and lettering. General

knowledge of mathematics through trigonometry, communications,and equipment of

all kinds is needed. The present educational requirements are high school or

vocational-technical training, but most employers prefer associate degrees or

at least some college. Nearly half of those who answered questionnaires have

had some college education.

Salaries are in the same general range as other technical fields, and most

of those in the survey are satisfied with the conditions under which they work.

About one-fourth of them are dissatisfied with their opportunities for advance-

ment, a characteristic of most technical employment revealed in the survey.

Drafting technicians are also comparatively young and ambitious. Employer and

employee opinion about factors governing advancement is very similar in all

occupations, and this one is no exception. Performance first and experience

second rank considerably higher than education, personality, and seniority.



TABLE 50
PROFILE OF ELECTRICAL TECHNOLOGY

EDUCATIONAL LEVEL: (tuo highest levels identified)
Employer Preference Employee AchievementEmployer Reuirements

HS
Voc-Tech

59

13

Armed Services 19
BS-BA 15

Some collo no degree 26
Voc-Tech 24

SUBJECTS IN WHICH AT LEAST A GENERAL KNOWLEDGE
Employer Opinion

Electric 97 Mach Tools 41
Reading 86 Hyd-Pneumat 38
Algebra 74 Calculus 34
Drafting 67 Chemistry 34
Speaking 67 Metallurgy 31
Writing 63 Comput Prog 32
Geometry 63 Non-metal 30
Physics 60 Dif Equation 27
Trig 59 Machinablty 27
Instr Calib 50 Business Ad 25
Integ Circ 50

IS REQUIRED: (257 or more response)
Employee Opinion

Electric 93 Trig 47
Reading 88 Machinablty 47
Algebra 78 Chemistry 41
Speaking 73 Business Ad 39
Writing 71 Mfg Process 37
Instr Calib 66 Non-metal 35
Drafting 65 Hyd-Pneumat 35
Geometry 64 Dif Equation 4.
Physics 59 Comput Prog 2/
Mach Tools 56 Soc Studies 25
Integ Circ 51

SUBJECTS IN WHICH ADVANCED KNOWLEDGE IS REQUIRED: (25% or more response)
Employer Opinion

Electric 49Electric 55
Algebra 35

Geometry 28
Physics 27

SKILLED ACTIVITIES: (25% or more response)
Employer Requirement

Instr Calib 64 Qual Control 43
Elect Equip 58 System Anal 41
Drafting 57 Prod Design 27
Tech Reports 57 Precis Mach 27
Supervision 52 Prod Inspect 26

[ Testing 49

CONTINUING EDUCATION:
(Extent) Emplr Emple

On the job 86 65

Subsidize in schools 75 20
Arrange in schools 54 11

Personal choice and cost 49

MAJOR FACTORS GOVERNING ADVANCEMENT:
Employer Policy

Experience 68

Performance 63

Personality 34
Education 32
Seniority 31

Employee Practice
Supervision 51 Tech Reports 31
Research 33 Testing 30
Drafting 31 Instr Calib 30
Elect Equip 31

(Purpose)
Make up educ deficiency

Emplr Emple
46

Keep up with advancing tech 58 -76
Prep for higher position 59 47
Better educ Background 78 75

Employee Opinion
Experience 76

Performance 68
Personality 40
Seniority 31
Education 29
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JOB SATISFACTION:
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(90% feel they made a good career choice) JOB DISSATISFACTION:

Nature of work 97 Employer Relations 69 Opportunity for adv 25

Job Security 87 Salary 68

Facilities 35 Importance of work 65

Fringe Benefits 34 Opportunity for adv 51

SOURCES OF RECRUITMENT:
EMPLOYEES' LAST PREVIOUS EMPLOYMENT:

1st: Promotion from within 71 Same job out of state 24

2nd: Direct from Schools 25 Same job in Arizona 21

3rd: Other Employers 22 Lower level, same employer 19

Armed Services 15

PERSONNEL CHARACTERISTICS: (two highest responses)

Ar22.
Years Since Degree HS Rank

30s: 32 More than 10 yrs: 49 Upper k: 33

40s: 25 5 to 10 yrs: 29 Upper : 25

PREVIOUS EXPERIENCE:
Skilled

More than 10 yrs: 28

Up to 10 yrs: 26

Technical
Up to 10 yrs: 32

More than 10 yrs: 19

MON= SALARY RANGES: (two highest responses)

Employers' Schedule

HS Meor
General:
Coll Prep: 26

Engineering
Up to 10 yrs: 10

More than 10 yrs: 4

Present Personnel

Min: 500 to 700: 33 700 to 900: 25 500 to 700: 46

Max: 700 to 900: 64 500 to 700: 29 700 to 900: 40

Electrical Technology: The principal activity of electrical technicians

seems to be supervision, followed by testing, instrumentation and calibration,

setting up and maintaining.dlectronic equipment,and writing technical reports.

Electricity and electronics are the only areas requiring advanced knowledge. A

general knowledge is needed of algebra, geometry, trigonometry, physics, instru-

ment calibration, integrated circuits, drafting and communications.

Employment usually requires completion of high school or vocational-tech-

nical training. Employers are not particularly concerned about educational

qualifications beyond that level although a few would prefer baccalaureate de-

grees. Most electrical technicians in the survey received their training on

the job, and the only real preference employers have in getting new personnel

in this occupation is to promote them from lower level positions. A substan-

tial number are hired from similar jobs elsewhere. They tend to be somewhat

older than personnel in other technical fields, earn somewhat higher salaries,

and generally are satisfied with their careers. One-fourth are dissatisfied

with their opportunities for advancement.



EDUCATIONAL LEVEL: (two

Employer Requirement
Voc-Tech 46

HS 39
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TABLE 51
PROFILE OF ELECTRONICS TECHNOLOGY

highest levels identified)
Employer Preference

AS-AA 46
Some Coll, No Degree 21

Employee Achievement
Some Coll, No Degree 36
Voc-Tech 19

SUBJECTS IN WHICH AT LEAST A GENERAL KNOWLEDGE IS REQUIRED: (25% or more response)
OpinionEmployer Opinion

Electric 100 Chemistry
Algebra 97 Business Ad
Reading 93 Soc Studies
Speaking 92 Comput Tech
Trig 92 Comput Prog
Geometry 91 Humanities
Physics 90 Mach Tools
Writing 89 Mfg Process
Instr Calib 34 Non-metal
Drafting 77 Calculus

Integ Circ 76

Employee

58 Electric 96 Mfg Process 52

57 Algebra 92 Mach Tools 52

57 Instr Calib 87 Comput Tech 44
56 Reading 83 Chemistry 42

55 Speaking 82 Calculus 39

55 Integ Circ 78 Dif Equa 34

49 Writing 76 Machinablty 34

48 Trig 73 Comput Pros 34

37 Physics 72 Non-metal 30

29 Geometry 68 Business Ad 30

Drafting 57

SUBJECTS IN WHICH ADVANCED KNOWLEDGE IS REQUIRED: (25% or more response)
Employee Opinion

Electric 73

Instr Calib 41
Integ Circ 36

Algebra 27

Employer Opinion
Electric 68
Instr Calib 57

Integ Circ 56
Algebra 55

SKILLED ACTIVITIES: (257 or more response)
Employer Requirements

Elect Equip 97 Drafting 70

Instr Calib 95 Prod Inspect 63
Testing 90 Research 58

Tech Reports 86 Comput Prog 53

Qual Control 79 Precis Mach 49
Supervision 76 Systems Anal 33

Employee Practice
Elect Equip 53 Testing 35

Supervision 49 Qual Control 20
Tech Reports 41 Systems Anal 27
Research 41
Instr Calib 39

CONTINUING EDUCATION:
Emplr Emple (Purpose) Emplr Empl(Extent)

On the job 91 79 Make up educ deficiency 56

Subsidize in schools 75 28 Keep up with advancing tech 65 82

Arrange in schools 75 24 Prep for higher position 71 49

Personal choice and cost 45 Better educ background 75 77

MAJOR FACTORS GOVERNING ADVANCEMENT:
Employer Policy Employee Opinion

Performance 99 Performance 77

Experience 75 Experience 67

Peisonality 61 Education 36

Education 52 Personality 24

Seniority 11 Seniority 19
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JOB SATISFACTION:
Nature of work

Facilities
Fringe benefits
Employer Relations

(05% feel they made a good career choice) JOB DISSATISFACTION:

36 Importance of work 62

76 Job Security 60

74 Salary 57

67 Opportunity for adv 53

SOURCES OF RECRUITMENT:
1st: Promotion from within
2nd: Other Employers
3rd: Direct from schools

62

27

29

Opportunity for adv 25

ElIPLOYEES' LAST PREVIOUS ENPLOYMENT:
Same job out of state 23

Armed Services 22

Lower level, same employer 19
Same job in Arizona 16

PERSONNEL CHARACTERISTICS: (two highest responses)

Age Years Since Degree HS Rank HS Ma'or

30s: 40 More than 10 yrs: 44 Upper 1: 38 General: 41

20s: 29 5 to 10 yrs: 23 Upper .14: 22 Coll Prep: 36

1IONTHLY SALARY RANGES: (two highest responses)

Employers' Schedule
MAn: Less than 500: 62 500 to 700: 30

Max: 700 to 900: 51 700 to 900: 28

Present Personnel
500 to 700: 50
700 to 900: 28

Electronics Technolo v: The primary responsibility of electronic techni-

cians is setting up and maintaining electronic equipment. Their other activi-

ties include research, supervision, testing, instrumentation and calibration,

and writing technical reports. The subjects they must know best are instrument

calibration, electronics, and integrated circuits. They also need a general

knowledge of mathematics through trigonometry, physics, drafting, and communi-

cations. The training of future electronic technicians should put more em-

phasis on algebra, trigonometry, physics, instrument calibration, electronics,

integrated circuits, and communications.

Most employers of electronics technicians require high school or vocational

technical training, and prefer junior college graduation. Employers feel more

people should be trained in electronics technology, and they strongly favor jun-

ior colleges doing the job. At the present time they prefer to get new person-

nel for this occupation by promoting lower level employees. Most of those in

the survey came to their present positions from similar jobs elsewhere or from

the armed services.

Salaries range from below $500 to more than $900 per month, with the aver-

age somewhat below $700. Electronics technicians are younger than electrical

technicians, have about the same high school background, have more college edu-

cation, about the same amount of continuing educational interest, have less ex-

perience in the skilled crafts but more in technical employment, and acquired

more of their technical knowledge and skills in the armed service or vocational

technical school and less on the job.
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TABLE 52
PROFILE OF INDUSTRIAL TECHUOLOGY

gaiggIgALgvEL: (two highest levels identified)
.1m)loyor Requirements Employer Preference Employee Achievement

HS

Voc-Tech

82

11

Voc-Tech 55

Some Coll, No Degree 37
Some Coll, No Degree 36
HS 21

SUBJECTS IN WHICH AT LEAST A GENERAL KNOWLEDGE IS
Employer Opinion

Speaking 99 Physics
Algebra 91 Instr Calib

1 Reading 81 grafting
Writing 90 Non-metal
Trig 85 Electric
Mfg Process 85 Soc Studies
Mach Tools 75 Hyd-Pneumat

Machinablty 73 Chemistry

Geometry 67 Mad- Econ

REQUIRED: (25%

Employee
or more response)
Opinion

64 Algebra 83 Trig 53

60 Speaking 83 Machinablty 53

58 Reading 80 Non-metal 51

50 Writing 79 Integ Circ 43

49 Mfg Process 75 Business Ad 43

38 Electric 75 Soc Studies 36

37 Instr Calib 68 Metallurgy 35

35 Geometry 67 Mach Econ 29

28 Drafting 63 Hyd-Pneumat 28

Chemistry 61 Calculus 28

Mach Tools 58 Humanities 26

Physics 54 Dif Equation 25

SUBJECTS IN WHICH ADVANCED KNOWLEDGE IS REQUIRED: (25% or more response)
Employee Opinion
Electric 30

EmplatE_gainim
None

SKILLED ACTIVITIES: (25% or more re-ponse)
Em loyer Recluirements

Supeoiision 95 Precis Mach 51

Prod Layout 93 Tech Reports 45
Qual Control 92 Aut Equip 36

Prod Inspect 91 Prod design 32

Instr Calib 88 Surveying 30

Testing 83 Research 28

Drafting 77 Syst Anal 25

Electr Equip 63 Sales, etc 25

CONTINUING EDUCATION:'
(Extent)

0. Emplr Emit
On the Job 89 76

Subsidize in schools 80 33
Arrange in schools 34 20
Personal choice and cost 44

MAJOR FACTORS GOVERNING ADVANCEMENT:
Employer Policy

Performance 94
Experience 88

Personality 38
Education 25

Seniority 12

Employee Practice
Supervision 61

Qual Control 55

Testing 34

Research 32

Tech Reports 32

Prod Inspect 27

(Purpose) Emplr Emple

Make up educ deficiency 31

Keep up with advancing tech 62 83

Prep for higher position 60 56

Better educ background 85 79

Employee Opinion
Performance 88
Experience 77

Personality 41
Education 36

Seniority 20
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JOB SATISFACTIOU:
Nature of work
Fringe Benefits
Facilities
Employer Relations

(82% feel they made a good

32 Importance of job 64

80 Job Security 62

76 Salary 61

67 Opportunity 56

career choice) JOB DISSATISFACTION:
Opportunity for adv 27

SOURCE OF RECRUITMENT: EMPLOYEES' LAST PREVIOUS EMPLOYMENT:

1st: Promotion from within 70 Lower level, same employer 24

2nd: Other EmplJyers 74 Same job out of state 23

3rd: Direct from School 26 Armed Services 18

Same job in Arizona 11

PERSOUNEL CHARACTERISTICS: (two highest responses)

Age Years Since Degree HS Rank HS MA Or

30s: 30 More than 10 yrs: 53 Upper k: 43 General: 43

20s: 27 5 to 10 yrs: 23 Upper k: 19 Coll Prep: 25

MONTHLY SALARY RANGES: (two highest responses)

Employers' Schedule
Min: 500 to 700: 37 Less than 500: 33

ax: 7CC to S:CO: 40 500 to 7CS: 19

Present Personnel
500 to 700: 62

700 to 900: 26

Industrial Technology: Industrial Technicians spend most of their time in

quality control and supervision, with considerable time in testing and writing

technical reports. .They rgquire advanced knowledge of manufacturing processes,

instrumentation and calibration, and electronics, They need a general knowledge

of algebra, geometry, trigonometry, physics, chemistry, non-metallic materials,

machine tools, machinability, and communications. Future industrial technicians

will need more training in physics, manufacturing processes, reading, writing,

and speaking.

Three-fourths of the industrial technicians who responded to the survey in-

dicated they were trained on the job. The great majority of employers require

high school graduation and prefer vocational-technical training or college. They

favor on the job training programs, and provide rather strong support for con-

tinuing education through company-subsidized courses. Salaries are about the

same as in other technical fields, and job satisfaction is generally high ex-

cept in opportunities for advancement.
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TABLE 53
PROFILE OF IIECHANICAL TECHNOLOGY

EDUCATIONAL LEVEL: (tuo highest levels identified)
Employer Preference Employee AchievementEmployer Requirements

HS 48 AS-AA 31

Less than HS 35 Some Coll, no Degree 26

SUBJECTS IN WHICH AT LEAST A GENERAL KNOWLEDGE IS REQUIRED:

Some Coll, no
HS

(257 or more
Opinion

Degree 30
21

response)

Employer Opinion Employee

Writing 85 Speaking 48 Instr Calib 76 Hyd-Pneumat 57

Drafting 83 Mach Tools 43 Speaking 76 Mfg Process 55

Geometry 79 Mfg Process 35 Reading 73 Machinablty 55

Algebra 77 Machinablty 30 Algebra 71 Trig 49

Instr Calib 77 Mach Econ 29 Writing 68 Chemistry 45

Physics 75 Comput Tech 29 Electric 66 Metallurgy 35

Electric 71 Comput Prog 28 Geometry 61 Non-metal 34

Trig 66 Chemistry 25 Mach Tools 61 Mach Econ 28

Hyd-Pneumat 59 Metallurgy 25 Physics 59 Dif Equa 26

Reading 58 Drafting 58 Business Ad 26

SUBJECTS IN WHICH ADVANCED KNOWLEDGE IS REQUIRED: (257 or more response)

Employer Opinion Employee Opinion

Comput Tech 26 None

Comput Prog 25

SKILLED ACTIVITIES: (25% or more response)
Employee PracticeEmploye r Requirements

Instr Calib 86 Prod Design 55 Testing 52

Testing 78 Precis Mach 53 Supervision 46

Drafting 78 Research 50 Research 43

Tech Reports 71 Supervision 46 Tech Reports 38

Qual Control 62 Prod Inspect 40 Instr Calib 32

Elect Equip 56 Prod Layout 28

CONTINUING EDUCATION:
(Extent) Emplr BEEL.

On the job 78 73

Subsidize in schools 64 19

Arrange in schools 48 24

Personal choice and cost 34

MAJOR FACTORS GOVERNING ADVANCEMENT:

(Purpose) Emplr Emple
Make up educ deficiency 5 /

Keep up with advancing tech 53 70

Prep for higher position 63 39

Better educ background 64 74

Employer Policy Employee Opinion
Performance 100 Performance 100

Experience 85 Experience 69

Personality 59 Education 43

Education 45 Personality 36

Seniority 10 Seniority 20
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JOB SATISFACTIOU: (87% feel they made a good career choice) JOB DISSATISFACTION:

UTELT;1777771777- 96 Job Security 71 Opportunity for adv 37

Facilities 80 Importance of work 68

Fringe Benefits 71 Employer Relations 58

Salary 71 Opportunity for adv 45

SOURCES OF RECRUITIMNT: EMPLOYEES' LAST PREVIOUS EMPLOYMENT:

1st: Promotion from within 70 Lower level, same employer 22

2nd: Direct from Schools 45 Same job out of state 19

3rd: Other Employers 34 Armed Services 19

Same job in Arizona 18

PERSONNEL CHARACTERISTICS: (two highest responses)

&a Years Since Degree HS Rank HS Ma or

30s: 39 More than 10 yrs: 67 Upper 36 General: 42

40s: 25 5 to 10 yrs: 17 Upper 3/4: 20 Coll Prep: 23

_ENVIOUS EXPERIENCE:
Skilled

MADre than 10 yrs: 22

Up to 10 yrs: 18

Technical
Up to 10 yrs: 29

More than 10 yrs: 26

IIONTHLY SALARY RANGES: (two highest responses)

Engineering
Up to 10 yrs: 9

More than 10 yrs: 8

Em lovers' Schedule Present Personnel

Min: Less than 500: 55 500 to 700: 40 500 to 700: 49

Max: 500 to 700: 51 700 to 900: 34 700 to 900: 34

Mechanical Technology: The principal activities of mechanical technicians

are testing, research, supervision, and for many of them instrumentation and

calibration, drafting, and writing technical reports. They need a general know-

ledge of mathematics through trigonometry, physics, hydraulics-pneumatics, in-

strument calibration, electronics, drafting, and communications. More know-

ledge of instrumentation and calibration is likely to be required in the future.

Most employers require mechanical technicians to be high school graduates, but

in a third of the field not even high school'is required. Associate degrees or

some college is preferred for about half of the positions, and the present per-

sonnel range all the way from high school graduates to doctorates.

Salaries range for the most part from under $500 to $900 per month, and the

technicians who answered the questionnaires reported receiving about the same as

most other technicians. Job satisfaction is also similar to that in other fields,

but with an even larger percent dissatisfied with their opportunities for advance-

ment. The mechanical technicians in the survey were a little older than in

other fields, on a level with electrical technicians in their 30s and 40s. Em-

ployers would prefer to get new personnel through promotion from below, and nearly

one-fourth of those who answered questionnaires reached their present positions

in that way.
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TABLE 54
PROFILE OF EXPERIMENTAL MACHINIST

EDUCATIONAL LEVEL: (two highest levels identified)
Employer Preference Employee AchievementEm lover Requirements

Voc-Tech 37 Voc-Tech 42 Voc-Tech
HS 33 HS 21 Less

SUBJECTS IN WHICH AT LEAST A GENERAL KNOWLEDGE IS REQUIRED:

45
than HS 23

(257 or more response)
OpinionEmployer Opinion Employee

Mach Tools 99 Speaking 58 Mach Tools 91 Non-metal 50

Machinablty 98 Mach Econ 56 Machinablty 91 Algebra 50
Trig 93 Writing 54 Trig 73 Speaking 41
Geometry 92 Reading 54 Mfg Process 73 Reading 32

Algebra 88 Hyd-Pneumat 48 Drafting 68 Dif Equation 32

Drafting 83 Electric 39 Geometry 64 Writing 28

Mfg Process 73 Instr Calib 63 Physics 27

Metallurgy 55 Hyd-Pneumat 27

Hach Econ 55

SUBJECTS IN WHICH ADVANCED KNOWLEDGE IS REQUIRED: (257 or more response)
Employer Opinion Employee Opinion

Machinablty 53 Machinablty 41

Mach Tools 45 Mach Tools 41

Hach Econ 36 Instr Calib 27

SKILLED ACTIVITIES: (257 or more response)
Employee PracticeEmnloyer Requirements

Precis Mach 92 Drafting 37 Precis Mach 78

Prod Layout 72 Qual Control 34 Supervision 36

Aut Equip 54 Prod Inspect 31 (Prod Design 23)

Prod Design 51 (Testing 23)

Tech reports 41 (Instr Calib 23)

(Prod Inspect 23)

CONTINUING EDUCATION:
(Extent) Emplr Emple (Purpose) Emplr

On the job 75 32 Make up educ deficiency 38

Subsidize in schools 44 0 Keep up with adv tech 30

Arrange in schools 16 5 Prep for higher position 37

Personal choice and cost 36 Better educ background 8

MAJOR FACTORS GOVERNING ADVANCEMENT:
Employer Policy Employee Opinion

Performance 99 Performance 77

Experience 74 Experience 77

Education 56 Seniority 18

Seniority 40 Personality 18

Personality 12 Education 5

Emple

41
18

59
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JOB SATISFACTION: (59% feel they made a good career choice) JOB DISSATISFACTION:

45
86

32

27

Nature of work 77

Importance of work 55

Facilities 55

Employer Relations 55

Salary
Fringe Benefits
Job Security
Opportunity for adv

SOURCES OF RECRUIT/IENT:
1st: Other Employers 63

2nd: Direct from schools 51

3rd: Promotion from within 36

PERSONNEL CHARACTERISTICS:
Age Years Since Degree

Over 50: 36 More than 10 yrs: 68

40s: 27 5 to 10 yrs: 14

PREVIOUS EXPERIENCE:
Skilled

Nore than 10 yrs: 55

Up to 10 yrs: 28

EMPLOYEES' LAST PREVIOUS ENPLOYUENT:
Same job in Arizona 36

Same job out of state 23

Lower level, same employer 23

HS Rank
Upper .74: 27

Upper 3/4: 27

HS Meor
General: ;4

Voc-Tech:

Technical Engineering
Nore than 10 yrs: 14 1 to 3 yrs: 5

MONTHLY SALARY RANGES: (two highest responses)
Employers' Schedule

Nin: 500 to 700: 57 Less than 500: 20

Uax: 500 to 700: 55 700 to 900: 17

Present Personnel
500 to 700: 55

Less than 500: 27

Exnerimental Machinist: The job of experimental machinist is largely one of

working with precision machinery, with some time required in the related functions

of production layout, production inspection, instrumentation and calibration,

testing, and quality control. A thorough knowledge of machine tools, machinabi-

lity, and instrumentation and calibration is required, with a general knowledge

of manufacturing processes, machine economy, mathematics through trigonometry,

drafting, and oral and written communications. Most machinists receive their

training on the job, but employers are looking toward the high schools and

vocational-technical schools for more trained machinists. High schools or

vocational-technical schools training is required for employment in most cases,

although nearly one-fourth of those who participated in the survey do not have

a high school education.

Machinists can generally expect a starting salary of $500 - $700 per month,

with top earnings approaching $1,000. More than one-third of those in the survey

were nearing retirement age (over 50), and a substantial number were in their

40s. Job satisfaction is somewhat lower than in the other skilled industrial

trades but there was also less dissatisfaction expressed.
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TABLE 55

PROFILE OF INSTRUMEI1TMAKER

EDUCATIONAL LEVEL: (two highest levels identified)
Employer Requirements Employer Preference

HS 79 Voc-Tech 87

(No other level) HS 4

Employee Achievement
Some Coll, No Degree 53
Voc-Tech 27

UBJECTS IN WHICH AT LEAST A GENERAL KNOWLEDGE IS REQUIRED: (25% or more response)
OpinionEmployer Opinion Employee

Mach Tools 100 Algebra 91 Trig 94 Mfg Process 73

Machinablty 100 Reading 90 Mach Tools 93 Physics 60

Instr Calib 93 Speaking 90 Machinablty 93 Reading 60

Drafting 93 Metallurgy 87 Geometry 86 Speaking 54

Geometry 98 Mfg Process 86 Instr Calib 80 Electric 46

Trig 97 Non-metal 80 Drafting GO Writing 40

Ilach Econ 94 Algebra 74 Integ Circ 34

Metallurgy 74 Hyd-Pneumat 27
Non-metal 74

SUBJECTS IN WHICH ADVANCED KNOWELDGE IS REQUIRED: (25% or more response)

Employer Opinion Employee Opinion

None Nachinablty 60

Mach Tools 53

Instr Calib 40

SKILLED ACTIVITIES: (257 or more response)
Employer Requirements

1 Drafting 96 Prod Design 31

[ Prod Inspect 93 Supervision 29

Instr Calib 91 Prod Layout 27

Precis Mach 83 Systems Anal 25

Elect Equip 67

Research 33

CONTINUING EDUCATION:
(Extent) Emnlr Emple

On the job 89 53

Subsidize in schools 76 20

Arrange in schools 11 27
13

Personal choice and cost

MAJOR FACTORS GOVERNING ADVANCEMENT:

Employee Practice
Precis Mach 60

Research 53

Instr Calib 47
Qual Control 40
Supervision 29

(Purpose) Emplr Emple
Make up educ deficiency 70

Keep up with adv technology 83 67

Prep for higher position 83 33

Better educ background 86 60

Emnloyer Policy Employee Opinion
Performance 100 Performance 80

Experience 90 Experience 73

Seniority 61 Seniority 33

Education 14 Education 20

Personality 1 Personality 20
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Cont. Instrumentmaker

JOB SATISFACTION:

179

(93% feel they made a good career choice) JOB DISSATISFACTION:

Nature of work 93 Facilities 60 Opportunity for adv 33

Salary 87 Importance of work 60 Facilities 27

Fringe Benefits 80 Opportunity for adv 27

Employer Relations 67 Job Security 20

SOURCES OF RECRUITMENT: EMPLOYEES' LAST PREVIOUS EMPLOYMENT:

1st: Promotion from within 54 Same jcb out of state 40

2nd: Other employers 28 Same job in Arizona 33

3rd: Direct from schools 29 Lower level, same employer 13

Armed Services 7

PERSONNEL CHARACTERISTICS: (two highest responses)
Years Since Degree HS Rank HS Major

More than 10 yrs: 87 Upper 11: 40 Coll Prep: 33

Less than 10 yrs: 14 Upper 10%; 33 General: 26

Age
40s: 47
Over 50: 33

PREVIOUS EXPERIENCE:
Skilled Technical

More than 10 yrs: 80

Up to 10 yrs: 14

Up to 10 yrs: 27

More than 10 yrs: None

MONTHLY SALARY RANGES: (tuo highest responses)

Employers' Schedulu
Min: Less than 500: 70 500 to 700: 17

Max: 700 to 900: 77 500 to 700: 14

Engineering
None

Present Personnel
700 to 900: 87
500 to 700: 13

Instrumentmaker: Instrument making involves machining, and some time is

spent in instrumentation and calibration. Performance of these duties requires

advanced knowledge of machine tools, machinability, and instrument calibration,

as well as a general knowledge of applied metallurgy, non-metallic materials,

manufacturing processes, machine economics, drafting, reading, writing, and

speaking. Future requirements will include more knowledge in all of these areas,

especially in communications.

Nearly all employers require instrument makers to be high school graduates,

and there is preference for vocational-technical school experience as well. At

the present time, nearly all instrument makers are trained on the job, and most

employers subsidize or arrange classes to supplement this training.

A high percentage of instrumentmakers indicate satisfaction with their work,

surroundings, benefits, and importance. Less satisfactory aspects of the job

are the opportunities for advancement and job security.

New instrumentmakers generally earn about $500 per month, expect top earn-

ings in the area of $1,000.
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TABLE 56
PROFILE OF INSTRUMENTMAN

EDUCATIONAL LEVEL: (two highest levels identified)
Employer Preference Employee AchievementEmployer Requirements

US
Voc-Tech

50

10

Voc-Tech
Some Coll, No Degree 21

HS 37
Voc-Tech 27

SUBJECTS IN WHICH AT LEAST A GENERAL KNOWLEDGE
Employer Opinion

Algebra 95 Hyd-Pneumat 65

Instr Calib 92 Physics 62

Geometry 80 Integr Circ 50

peaking 80 Mfg Process 40
Writing 79 Chemistry 39

Reading 78 Mach Tools 33

Trig 76 nachinablty 31
Electric 75 Non-metal 26

Drafting 67

SUBJECTS IN WHICH ADVANCED
Employer Opinion

Instr Calib 64

Electric 39

Integr 31

IS RE UIRED: (25% or more response)
Employee Opinion

Instr Calib
Algebra
Electric
Hyd-Pneumat
Speaking
Physics
Integr Circ
Reading
Geometry
Mach Tools
Writing

KNOWLEDGE IS REQUIRED: (25% or more
Employee Opinion
Instr Calib 53

Electric 43

SKILLED ACTIVITIES: (257 or more response)
Employer Requirements

Instr Calib
Supervision
Drafting
Qual Control
Tech Reports

I

Elect Equip
Testing

,

Precis Metals

Cl Aut Equip 49
66 Research 47
62 Systems Anal 44
61 Prod Layout 35
61 Prod Layout 35
58 Surveying 30

57 Prod Design 29
50

CONTINUING EDUCATION:
(Extent)

On the job
Subsidize in schools
Arrange in schools
Personal choice and cost

Emnlr Emple
79 70

54 13

37 13

47

MAJOR FACTORS GOVERNING ADVANCEMENT:
Employer Policy

Performance 91

Experience 01

Education 39

Personality 31

Seniority 29

96 Trig 53

87 flachinablty 50

86 Drafting 47
70 Chemistry 46
70 Mfg Process 37
63 Mach Econ 30
63 Comput Prog 27
63 Comput Tech 27
60 Metallurgy 26

60 Dif Equa 26

60 Non-metal 26

response)

Employee
Instr Calib
Supervision
Elect Equip
Research

Practice
83 Testing 30

60 Systems Anal 30
57 Tech Reports 27
40 Aut Equip 26

(Purpose) Emplr Emple
Make up educ deficiency 38

Keep up with adv Tech 59 70
Prep for higher position 44 37

Better educ background 52 63

Employee Opinion
Performance 63

Experience 60

Seniority 40
Education 33

Personality 33
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JOB SATISFACTION: (907 feel they made a good career choice) JOB DISSATISFACTION:

Nature of work 100 Fringe Benefits 73 Opportunity for adv 33

Job Security 87 Facilities 73

Employer Relations 83 Opportunity for adv 50

Salary 77 Importance of work 47

SOURCES OF RECRUIT1MDT: EMPLOYEES LAST PREVIOUS EMPLOYIIENT:

1st: Promotion from within 54 Same job in Arizona 37

2nd: Other em?loyers 34 Armed Services 20

3rd: Direct from schools 29 Lover level, same employer 13

School 13

PERSONNEL CHARACTERISTICS: (tuo highest responses)

Age Years Since Degree HS Ranh

30s: 40 Uore than 10 yrs: 53

40s: 27 5 to 10 yrs: 20

PREVIOUS EXPERIENCE:
Skilled Technical

Upper 47

Upper 1;: 17

Up to 10 yrs: 13 Up to 10 yrs: 43

Uore than 10 yrs: 10 More than 10 yrs: 30

NONTHLY SALARY RANGES: (tuo highest responses)

Employers' Schedule
Less than 500: 23

Max: 500 to 700: 42 700 to 900: 29
Nin: 500 to 700: 70

HS lia'or
General:
Coll Prep: 16

Engineering
More than 10 yrs: 3

Present Personnel
500 to 700: 63
700 to 900: 27

Instrumentman: Instrumentmen are concerned with instrumentation and calib-

ration and secondarily with setting up and maintaining electronic equipment and

supervision. These duties involve a thorough knowledge of instrument calib-

ration and electronics, as well as a general knowledge of algebra, geometry,

physics, trigonometry, hydraulics-pneumatics, integrated circuits, drafting,

oral and written communications.

Aost employers require high school graduation or some vocational-technt-

cal school training for instrumentmen. About half of those now employed re-

ceived their training on the job. However, the armed services and vocational-

technical schools provide significant numbers of personnel trained in this

occupation.

Beginning instrumentmen earn $500 - $700 per month and increase their

earnings to around $900 per month during their career. High percentages of

instrumentmen who responded to the survey indicated satisfaction with all

phases of their occupation.



DUCATIONAL LEVEL: (two highest
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TABLE 57
PROFILE OF LAYOUT MAN

levels identified)

Employer Requirements

GENERAL

Employer Preference Employee Achievement

HS 47

Less than HS 23

UBJECTS IN WHICH AT LEAST A

Voc-Tech 55

HS 29

KNOWLEDGE IS REQUIRED:

Voc-Tech
Less than HS

(25% or more response)
Employee Opinion

35

24

Employer Opinion
Drafting 83 Instr Calib 49 Mfg Process 83 Writing 53

lgebra 82 Reading 49 Mach Tools 71 Geometry 41

lfg Process 80 Writing 46 Speaking 65 Physics 41

Geometry 80 Mach Econ 43 Machinablty 59 Hyd-Pneumat 35

Trig 71 Non-metal 40 Instr Calib 59 Trig 30

Machinablty 67 Metallurgy 34 Drafting 59 Non-metal 30

Speaking 53 Physics 32 Reading 59 Mach Econ 30

Business Ad 25 Algebra 53 Electric 30

SUBJECTS IN WHICH ADVANCED KNOWLEDGE
Employer Opinion

None

IS REQUIRED: (25% or more response)
Employee Opinion
None

SKILLED ACTIVITIES: (25% or more response)

Employer Requirements Employee Practice

Qual Control 72. Prod Layout Supervision 4235

Drafting 62 Research 34 Precis Mach 36

Supervision 61 Prod Inspect 31 Aut Equip 30

Prod Design 57 Tech Reports 31

Precis Mach 50 Systems Anal 26

Aut Equip 37 Sales, etc 25

CONTINUING EDUCATION:
(Extent) Emplr Emple (Purpose) Emplr Emple

On the job 68 18 Make up educ deficiency 26

Subsidize in schools 30 0 Keep up with advancing tech 31 24

Arrange in schools
Personal choice and cost

22 0

29

Prep for higher Position
Better educ Background

28

41
18,,

53

MAJOR FACTORS GOVERNING ADVANCEMENT:
Employee OpinionEmployer Policy

Performance 95 Performance 71

Experience 63 Experience 47

Seniority 28 Personality 12

Personality 22 Education 12

Education 5 Seniority 6

40,
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JOB SATISFACTION: (71% feel they made a good career choice) JOB DISSATISFACTION:

65 Employer Relations 47 Opportunity for adv 59

65 Facilities 29 Facilities 29

47
Employer Relations 29

Job Security 29

Salary
Nature of work
Fringe benefits

SOURCES OF RECRUITHENT:
1st: Promotion from within 57

2nd: Other Employers 34

3rd: Direct from Schools 33

EMPLOYEES' LAST PREVIOUS EMPLOYMENT:
35

18

18

6

Same job out of state
Same job in Arizona
School
Lower level, same employer

PERSONNEL CHARACTERISTICS: (tuo highest responses)

Age Years Since Degree HS Rank

40s: 41 More than 10 yrs: 65 Upper ;i: 47

30s: 24 5 to 10 yrs: 12 Upper : 17

PREVIOUS EXPERIENCE:
Skilled

More than 10 yrs: 47

Up to 10 yrs: 30

Technical
Up to 10 yrs: 18

More than 10 yrs: 12

MONTHLY SALARY RANGES: (two highest responses)

Employers' Schedule
Min: 500 to 700: 57 Less than 500: 20

Max: 500 to 700: 55 700 to 900: 17

HS Major
General: 35

Voc-Tech: 23

Engineering
None

Present Personnel
500 to 700: 55

Less than 700: 27

Layout Man: The work of layout men includes production layout, setting up,

maintaining, and testing automated production equipment and precision machinery,

and supervision of these activities. The knowledge required is algebra and geo-

metry, manufacturing processes, machine tools, machinability, instrument calib-

ration, drafting, and oral and written communications.

Vocational-technical schools have trained about one-third of the layout

men who answered questionnaires, most employers prefer vocational-technical school

experience in addition to high school graduation. Most of the training for this

occupation, however, is still provided on the job. The salary for layout men runs

between $400 and $900 per month, with the majority of those now employed earning

around $700.

Response to the survey indicated an average amount of employee satisfac-

tion with the various aspects of the job, except for opportunities for advancement.
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TABLE 58
PROFILE OF MACHINE SET UP MAN

EDUCATIONAL LEVEL: (two highest levels identified) .

Employer Requirements

A GENERAL

Employer Preference Employer Achievement
Less than HS 55

HS 32

SUBJECTS IN WHICH AT LEAST

Armed Services 49
Voc-Tech 33

KNOWLEDGE IS REQUIRED: (25%

HS

Voc-Tech

or more response)
Opinion

26
22

Employer Opinion Employee

Mach Tools 99 Trig 72 machinablty 78 Reading 48

Machinablty 93 Metallurgy 72 Algebra 74 Mach Econ 48

Hfg Process 91 Algebra 69 Trig 71 Writing 40

Instr Calib 77 Non-metal 67 Mfg Process 67 Calculus 34 .

Drafting 77 Speaking '34 Mach Tools 64 Hyd-Pneumat 34

Geometry 74 Reading 33 Instr Calib 63 Dif Equa 33

Mach Econ 73 Writing 25 Geometry 55 Metallurgy 33

Speaking 55 Physics 26

Drafting 48 Humanities 26

SUBJECTS IN WHICH AEVANCED KNOWLEDGE IS REQUIRED: (25% or more response)

Employer Opinion Employee Opinion

None None

SKILLED ACTIVITIES: (25% or more response)
Employer Requirements

Precis Mach 91 Supervision 61

Aut Equip 84 Research 53

Qual Control 81 Instr Calib 36

Drafting 75 Prod Layout 32

Prod Design 71 Prod Inspect 25

Testing 68

CONTINUING EDUCATION:
(Extent) Emplr Emple

On the job 94 52

Subsidize in schools 65 19

Arrange in schools 66 19

Personal choice and cost 30

MAJOR FACTORS GOVERNING ADVANCEMENT:
Employer Policy
Performance 99

Experience 88

Seniority 23

Education 12

Personality 7

Employee Practice
Precis Mach 56 Qua! Control 30
Supervision 42 Systems Anal 26
Prod Inspect 33 Testing 26

Research 33

(Purpose) Emplr malt
Make up educ deficiency 63
Keep up with adv tech 68 59

Prep for higher position 63 30

Better educ background 76 67

Employee Opinion
Performance 78

Experience 70

Education 33

Personality 19

Seniority 15
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JOB SATISFACTION:
Nature of work
Salary
Facilities
Employer Relations

(85% feel they made a good career choice) JOB DISSATISFACTION:

31 Importance of work 52

67 Opportunity for adv 48

59 Job Security 44

52 Fringe Benefits 37

SOURCES OF RECRUITMENT:
1st: Promotion from within 75

2nd: Other employers 27

3rd: None 0

PERSONNEL CHARACTERISTICS:

Ag.2.
Years Since Degree

50s: 52 More than 10 yrs: 56

40s: 33 5 to 10 yrs: 15

(two highest

Opportunity for adv 26

EMPLOYEES' LAST PREVIOUS EMPLOYMENT:
Same job in Arizona 30

Same job out of state 26

Armed Services 11

Lower level, same employer 4

responses)

PREVIOUS EXPERIENCE:
Skilled Technical

More than 10 yrs: 41 Up to 10 yrs:

Up to 10 yrs: 18 More than 10 yrs:

HS Rank HS Maior
Upper 37 General: 55

Upper 107; 18 Voc-Tech: 14

Engineering
11 Up to 10 yrs: 19

None More than 10 yrs: 7

MONTHLY SALARY RANGES: (two highest responses)
Employers' Schedule Present Personnel

Min: Less than 500: 65 Less than 500: 33 500 to 700: 52

Max: 500 to 700: 80 700 to 900: 14 Less than 500: 19

Machine Set-DR: Machine set-up men perform and supervise the set-up and main-.

tenance of precision machinery. To do this, they need a general knowledge of alge-

bra, geometry, trigonometry, manufacturing processes, machine tools, machinability,

instrumentation and calibration, and drafting.

Formal schools provide relatively few trained set-up men. Almost three-quar-

ters of those now employed were trained on the job. Since preference for trade

school graduates is not as strong here as it is in some other skilled occupations,

on the job training will probably continue to provide most of the personnel for

this occupation. The majority of employers subsidize or arrange classes to sup-

plement on the job training.

Set-up men indicate a generally high degree of satisfaction with their occus.

pations, especially with the work itself. Salaries range from less than $500 to

around $900 per month.



TABLE 59
PROFILE OF MACHINE REPAIRMAN

EDUCATIONAL LEVEL: (two highest

Employer Requirements

GENERAL

levels identified)
Employer Preference Employee Achievement

HS 58

Less than HS 19

SUBJECTS IN WHICH AT LEAST A

Voc-Tech 73 Armed

HS 25 BS

KNOWLEDGE IS REQUIRED: (25%

Services '28
26

or more response)
OpinionEmployer Opinion Employee

Mach Tools 95 Physics 69 Mach Tools 85 Reading 45

Machinablty 90 Trig 65 Machinablty 73 Electric 44

Electric 83 Chemistry 62 Instr Calib 64 Non-metal 44

Hyd-Pneumat 81 Speaking 62 Hyd-Pneumat 61 Mach Econ 43

Instr Calib 80 Writing 60 Algebra 60 Physics 40

Drafting 80 Non-metal 58 Speaking 58 Integ Circ 39

Reading 77 Mach Econ 45 Geometry 57 Metallurgy 38

Algebra 74 Integ Circ 28 Drafting 56 Writing 36

Geometry 71 Humanities 28 Mfg Process 51 Chemistry 32

Mfg Process 69 Metallurgy 26 Trig 46

SUBJECTS IN WHICH ADVANCED KNOWLEDGE IS REQUIRED: (25% or more response)

Employer Opinion Employee Opinion

Mach Tools 35 None

Hyd-Pneumat 32

Mfg Process 26

SKILLED ACTIVITIES: (25% or more response)
Employee PracticeEmployer Requirements

Precis Mach 84 Qual Control 40

Instr Calib 80 Prod Inspect 40

Supervision 76 Prod Layout 40

Testing 71 Design 38

Drafting 71 Tech Reports 38

Aut Equip 61 Systems Anal 31

CONTINUING EDUCATION:
(Extent)

On the job
Subsidize in schools
Arrange in schools
Personal choice and cost

Emplr Emple

MAJOR FACTORS GOVERNING ADVANCEMENT:

(rurpose) Emplr Emple

Make up educ deficiency 36

Keep up with adv technology 55 60

Prep for higher Position 56 30

Better educ background 55 64

Em lo er Policy Employee Opinion
er ormance 94 Pertormance 19

Experience 86 Experience 70

Personality 53 Education 21

Seniority 34 Personality 17

Education 27 Seniority 17



Cont. Machine Repairman 187

JOB SATISFACTION: (85% feel they made a good career choice) JGB DISSATISFACTION:

Nature of work 91 Salary 64

Fringe benefits 79 Facilitits 62

Job Security 68 Importance of work 53

Employer Relations 66 Opportunity for adv 49

SOURCES OF RECRUITMENT:
1st: Promotion from within 74

2nd: Other employers 55

3rd: Direct from schools 15

PERSONNEL CHARACTERISTICS: (two highest

Opportunity for adv 30

EPLOYEES' LAST PREVIOUS EMPLOYMENT:
Same job in Arizona 30

Same job out cf state 21

Lower level, same employer 15

Armed Services 13

responses)

Age Years Since Degree HS Rank HS Ma. or

50s: 40 More than 10 yrs: 77 Upper 53 General: 42

40s: 28 5 to 10 yrs: 11 Upper 3/4: 10 Coll Prep: 17

PREVIOUS EXPERIENCE:
Skilled Technical Engineering

More than 10 yrs: 57 Up to 10 yrs: 30 Up to 10 yrs: 4

Up to 10 yrs: 17 More than 10 yrs: 4 More than 10 yrs: 0

MONTHLY SALARY RANGES: (two highest responses)

Employers Schedult.a Present Personnel

Min: 500 to 700: 62 Less than 500: 18 500 to 700: 77

Max: 500 to 700: 67 900 to 1,200: 13 700 to 900: 13,

Machine Repair: Machine repairmen are concerned with the maintenance of auto-

mated production equipment and precision machinery, and supervision of these acti-

vities. These duties demand some knowledge of algebra, geometry, hydraulics-pneu-

matics, manufacturing processes, machine tools, machinability, instrument calib-

ration, drafting, and communications -- eapecially speaking. Future requirements

are expected to include more thorough knowledge of all of these areas and also

physics, non-metallic materials and electronics.

The great majority of machine repairmen were trained on the job. The armed ser-

vices have been the second largest source of trained personnel. However, employ-

ers indicate a marked preference for applicants with vocational-technical school

experience in addition to high school graduation. Machine repairmen can earn any-

where from under $500 to nearly $1,000 per month. Most of those who responded to

the survey make about $700 per month. Job satisfaction is about average; no as-

pect of the job is greatly criticized; abd considerable satisfaction is indicated

in the work itself.
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TABLE 60
PROFILE OF TOOL AND DIE MAKER

EDUCATIONAL LEVEL: (two highest levels identified)

Employer Requirements Employer Preference EmP1C'e.4 Achievement

HS 53

Less than HS 32

SUBJECTS-IN WHICH AT LEAST A GENERAL

Voc-Tech 62

HS 26

KNOWLEDGE IS REQUIRED: (257

Voc-Tech
HS

or more response)

Opinion

41
32

62

62

53
50

44
41
32

29

Employer;Opinion Employee

Mach Tools 97 Reading 60

Machinablty 94 Metallurgy 58

Trig 84 Speaking 52

Algebra r 82 Hyd-Pneumat 48

Geometry.' 81 Writing 46

Drafting. 77 Non-metal 42

Mfg Process 68 Physics 28

Mach Ecbn 65 Electfic 28,

Instv Calib .60

Trig
Mach Tools
Machinablty
Drafting
Instr Calib
Geometry
Mfg Process
Algebra
Metallurgy
Speaking

94

94

94
85

82

80
77

71

68
65.

Non-metal
Mach Econ
Reading
Physics
Hyd-Pneumat
Writing
Electric
Dif Equa

SUBJECTS IN WHICH ADVANCED KNOWLEDGE IS

Employer Opinion
Mach Tools 50

Machinablty 50

REQUIRES: (25% or rave iersponse)
Employee Opinion
Mach Tools 56

Machinablty "50

Drafting 38

Trig 35

Instr Calib' 29'

SKILLED ACTIVITIES: (25%,or more response)

Employer Requirements
Precis Mach 92 Aut,Equip 50

Qual Control 71 Instr Calib 49

Drafting 69 Testing 48

Prod Layout 68 Design 44

Prod Inspect 66 Supervision 42

CONTINUING EDUCATiON:
(Extent) Emplr Emple

On the job 54 53

Subsidize in schools 30 15

Arrange in schools 4 12

Personal choice and cost 26

NAJOR FACTORS GOVERNING ADVANCENENT:
Employer Policy

Performance 100

Experience 76

Seniority 34

Personality 22

Education 20

Employee Pre,tice
Precis Mach 68

Drafting 32

Prod Inspect 32

Qual Control 27

Research 26

4

(Purpose) Emplr Emple
Make up eductdeficiency 14

Keep up with'adv technology 34 59

Prep for higher position 21 38

Better educ bacqround ?et' 71

Employee 0 inion
Performance
Experience 65

Education 29

Personality 26

Seniority 21



Cont. Tool and Die

JOB SATISFACTION:

Maker 189

(85% feel they made a good career choice) JOB DISSATISFACTION:

Nature of work 79 Fringe Benefits 41 Salary 38

Importance of work 62 Job Security 41 Opportunity for adv 32

Employer Relations 56 Salary 29

Facilties 53 Opportunity for adv 24

SOURCES OF RECRUITMENT: EMPLOYEES' LAST PREVIOUS EMPLOYMENT:

1st: Other employers 46 Same job out of state 41

2nd: None 0 Same job in Arizona 38

3rd: Schools 0 Armed Services 3

School 3

PERSONNEL CHARACTERISTICS: (two highest responses)

Age Years Since Degree HS Rank HS Major

40s: 35 More than 10 yrs: 85 Upper 11: 52 Genetial: 38

50s: 32 5 to 10 yrs: 15 Upper 14: 23 Coll' Prep: '9

PREVIOUS EXPERIENCE:
Skilled Technical Engineering

More than 10 yrs: 79 Up to 10 yrs: 6 Up to 10 yrs: 12

Up to 10 yrs: 12 More than 10 yrs: 3 More than 10 yrs: 3

MONTHLY SALARY RANGES: (two highest responses)
Employers' qthedulc Present Personnel

Min: 500 to 700: 64 Less than 500: 18 500 to 700: 65

Max: 700 to 900: 44 500 to 700: 40 700 to 900: 21

Tool and Die Maker: The principal activity of tool and die makers is preCi-

sion machining. The skills necessary for this occupation, however, are a great
deal more complex than ordinary machine shop work. The subject fields in which

tool and die makers need advanced knowledge are machine tools, and machinability.

They require a general knowledge of mathematics through trigonometry, applied
metallurgy, manufacturing processes, machine economics, instrument calibration,

drafting, reading and speaking. Knowledge requirements in the areas of machine

tools, machinability, manufacturing processes, and machine economics, are ex-

pedted to,increase.

Three-fourths of the tool and die makers in the survey were trained on the

job. Employers feel that high schools and vocational-technical schools should as-

sume more responsibility for this training, but the level of skill necessary can-

not be developed without considerable experience. Most employers favor coopera-

tive education programs, and prefer graduation from vocational-technical school.

Salaries run from under $500 to $900 per month. Employee satisfaction with var-

ious aspects of the job is comparatively Low, especially in salary and opportunity

for advancement.



4 CHAPTER VI

ADVICE FRO11 INDUSTRY

Each employer and employee was asked if, based on his own experience, he
cared to suggest improvements in current educational programs. More than a
fourth of the participants in the survey responded with a volume of detailed
comment far greater than had been ant;.cipated. Opinions expressed were often

in direct conflict. One engineer said, "We are wasting too much time on
humanities," and another, "I would suggest greater emphasis on humanities."
any persons felt the schools give too much emphasis to theory and not enough to
practical application, but one said, "basic theory is more important than exact
application" because it does not change as rapidly. Opposing views were found
on virtually every subject covered in the survey and every concept of education
in engineering and technology. In some cases agreement would be impossible
because different industries and personnel have different educational require-
ments. In other cases the impact of changes taking place in technology is
being felt differently in various segments of employment. New concepts and
trends in education also produce variant reactions depending on needs and
personal inclinations of students, graduates, experienced employees, and em-
ployers. Comments and suggestions on both sides of'many issues are presented
here in order to reflect the diversity of opinion on education within the
industrial community.

On a number of subjects, however, there is an unmistakable consensus
of employers and employees alike. The advice of industry, for instance, to
offer more practical educational programs represents the overwhelming majority
opinion of all responding. The appeal to improve education in communications
is repeated so often and with such insistence that it comes almost as a mandate.
There are so many requests for additional night cour-ges and,special programs
in the continuing education of engineers that a new look at this part of the
educational system should be taken. In most of these areas and;.a few others
the occasional dissenter is lost in a chorus of staingly unitedopinion. It

is impossible to include hcre all comments and suggestIons which were made or
even many that well express particular points of viewt A representative
selection has been attempted. These views are presented as nearly as possible
in the context in which they were made.

1
The statements cited in this chapter represent approximately one-tenth

of those received. All comments and suggestions made were copied from the
original questionnaires for further study and consideration. They are identi-
fied by occupation, kind and size of company in the case of employers, and
educatior and salary in the case of employees. Further information is available
on request.
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For A Greater Effort

Begin Early: nany persons in industry feel that education in technical

subjects is delayed too long. An electronics engineer: "Hy observations in

the past 25 years indicate that motivation of the student must come at an early

age -- at least high school. High school courses in electronics should receive

serious consideration by educators." Others felt that even high school was too

late to begin: "Start sooner -- expose junior high students to a better under-

standing of professional careers so they can make a choice early -- rather than

coast thru two or three years of college without specific goals." "Teach basic

electronics in the early stages of education. It seems imperative in the 7th or

3th grades. Electronics is a part of everyday life and so few have even a basic

understanding." "Education in electronics should be offered in high school and

general knowledge could be taught in grade school." "I think time should be

spent to choose an occupation before high schoda. This way you would take the

subjects needed. I wish I would have known before I graduated."

nen on the job frequently expressed concern that vocational and technical

education are not sufficiently emphasized in high school. A machinist: "I feel

that too many courses if\ high school are for college preparatory only and there

are not enough pccupational courses. Many of my friends, including myself, left

high school with no skill at all to help us find a job." And from an engineer:

"Our most critical need is an education system which gives high school students

an opportunity to learn trades rather than just preparation for college. It

should be the policy of every high school to provide complete training oppor-

tunities fcr those who are neither qualified for nor interested in college."

Employers were just as concerned: "High schools should encourage students to

study for technical areas." flUore earth science courses in high school or at

least an introduction." "High schools should assume more responsibility for

preparing students for trades -- should put less emphasis on college prep."

"Not everyone is meant to go to college." "The high schools should set up more

extensive courses in manual trades -- e.g., electronics, auto mechanics, and

refrigeration." "Early high school students should be taught the advantages

of industrial vocations and be accordingly trained." "Promote more vocational-

technical training during high school." "There should be more vocational

training schools available throughout the state." "Comprehensive coverage of

the state with vocational-technical high schools."

Attract fore Students: Closely related to earlier technical education is

concern that too many students are missing career opportunities entirely although

industry needs them. In the words of one technician: "There is a definite need

for more technical training in our schools and in industry. The situation will

get considerably worse before it can get better." An employer of skilled crafts-

men: "Job applicants in this field are all older persons with job stability who

realize they must work to get ahead. There goes not seem to be any supply of

younger persons in this field to fill the needs of the future. Now is the time

they should be training for the furure." A machinist wrote: "The youngest man

in the model shop I work in is 30 years old, with an average of 42 years. I

myself am 52 and there are older employees in my shop. This is a serious situa-

tion that needs prompt action or Arizona will really hurt in the near future

f3r skilled help."

The problem, many felt, lies in vocational guidance and counselling. An

engineer: "It has been my opinion after teaching in three universities and

working for several major companies that the most severe lack in the high school-
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college system is good guidance and counselling." And from another engineer:

"Student counselors are urgently needed at the high school level, who can guide

the students in the proper courses to take during high school." Frequently

specific advice was offered. "We should try to correct the thinking that a man

that works with his hands and is a true skilled craftsmen is a second-class

citizen." "Would stress the importance of mathematics early in high school."

"The professional engineer today usually winds up behind a desk leaving the

numerous technical duties to be handled by his engineering aids. The story of

the importance of engineering technicians should be expressed." "Training in

school should not specialize greatly, but should be broad, forcing the student

to use both his hands and his head, learning the basics of his field." "An

engineer must first be taught to think logically. An electrical engineer, espe-

cially, must be taught an intuitive feeling for the things with which he will

come in contact." "Give a more realistic view of what industry really expects

from the grad. All engineering is not research and theory and desk beautifi-

cation. There is also the business of handling and producing the end product."

"Please teach the students to learn to think -- to think with logic. Learn to

make use of time to best advantage." And don't overlook the girls: "I think

that women should be exposed to the advantages of engineering oriented careers

while they are still in high school. Women make excellent draftsmen, and the

pay is much higher than secretarial work."

Set realistic goals: There is a feeling that career education from the

skilled crafts to engineering needs to be more closely related to the real

world of work. One employer said he feels "all the institutions are improving

and they have to. Too many engineers have been turned out who are math and

formula oriented. Without information to plug in and grind out they are in-

capable of original thinking." Another employer: "Schools should present a

general, basic background in the various phases of engi-leering. Students should

be taught the WHYS as well as the HOWS. For example, a math student should

know why he's taking derivatives and their significance, as well as the math

mechanics of how to take them. Thus an engineer, who comes out of school with

a knowledge of basic concepts and not just sophisticated formulas which he

can plug numbers into and arrive at answers with little significance to him,

will be better able to cope with new developments and problems." A tool maker

expressed his opinion in these words: "I would say that you would need all the

math you could absorb, a lot of blueprint reading, a little drafting, and about

five years of actually working on the job with a good man that knows what he's

doing. I wish I knew some short cuts that would help, but do not."

A common suggestion at all levels was that faculty have industrial

experience. One engineer wrote: "In college level teaching of engineering

very little importance is attached to the teacher having professional engineer-

ing experience. This is a mistake. At least two years and preferably more in

engineering practice should be required for promotion above the assistant pro-

fessor level. In addition, engineering teachers should be encouraged to spend

summers in industry." Another: "Arizona needs a college which offers a prac-

tical degree in engineering. nore applied courses so the B. S. in Engineering

is a terminal degree. Train engineers -- not scientists."

There were favorable as well as critical comments about the present

educational effort. "In general, the schools are doing a fine job in their

area." "I think the educational programs in civil engineering offered in this

country are excellent." "Arizona is doing well in engineering education." "I

would like to say that overall Arizona has provided excellent opportunities for
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its citizens to gain new knowledge and skills in their fields." Some of the

comments expressed strong personal feelings critical of schools and programs

such as this one: "All you people are turning out these days are educated

fools, egotistical prima donnas." Most suggestions, however, were constructive.

The attitude of probably a majority could be summed up in the statement of an

electronics engineer: "I would prefer a no-nonsense school wiLh a good hard-

core curriculum and outstanding teachers. I wouldn't give a damn how many

research papers the professors had published, nor how many fraternities were

on campus, nor how many football games were won or lost. My objectives would

be to obtain a sound basis in the skills and knowledge required to prepare me

for my chosen profession and my place in society."

For,A Better System

More Practical Experience: From every occupation and virtually every

employer one suggestion dominated all others: "Give students some kind of

practical experience as well as classroom instruction while they are in school."

There were a few who felt that a basic education in math and science should be

the main concern of the schools and experience can come later. But it was this

feature of their own education that employees criticized most. The following

statements were made by engfneers, technicians, skilled craftsmen, and employers

of all kinds:

Civil engineer in management: "In the current educational program, I feel

that the emphasis is too strong on theory and that actual application of the

theory is sadly lacking. It is of no benefit to employ an engineering graduate

who cannot transform his knowledge into useful work. Theory is essential, but

. should be only a basis. The engineer who cannot convert theory into practice

has obtained only partial education. All too often there is not time to train

'him on the job. The educational system should provide this training and not

place the burden on the engineer or the employer."

Civil engineer: "All theory in the world is worthless without some

practical experience in the field and the ability of the field engineer to

understand and work with the trades and crafts."

Concrete products employer: "Theory taught in college is all right, but

tends to make one too conservative. I have shown a profit on jobs which look

disastrous on paper -- there is no substitute for practical experience, although

college is valuable in teaching one how to think and analyze."

Machine shop employer: "For background, engineers should know how the

parts they design are made -- working in a shop while going to school is fine

experience."

Electronics engineer: "An engineer cannot design a machine unless he

knows how the machinist is going to make it. It's like teaching a studeat

to drive a car from a book."

Mechanical engineer: "There is nothing more frustrating for a new

engineer's supervisor or embarassing for the engineer himself than for him

to design a part that can't be made -- and this happens more often than you

would imagine."
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Civil technician: "It is very discouraging to have a man, educated in

a line or werk, come on the job unable to do the physical and manual parts of

this work."

Nechanical engineer: "Place more emphasis on the applied rather than

theoretical aspects of engineering."

Here is the other side from an electrical engineer and a mechanical

engineer: "Basic theory is more important than exact application. Uy training

was well behind the time even before I graduated, but any loss is simply that
the time could have been spent on even.pore advanced theory." "It is my firm

belief that undergraduate engineering curricula should stress the BASICS.
There is no need for turbine design, power plant design, or other specific
design courses. On the other hand, thermodynamics, strength of materials,
physics, and mathematics must not be diluted."

But far more comments stressed the need for practical knowledge and
this was especially true of mechanical engineers: '% major characteristic of
the daily work of rost engineers is design and of lesser importance is analysis.

"From a design engineering stand point more emphasis should be put on the

practical side of engineering." "Definitely provide more practical courses

(machine shop, lab experience, etc.) for mechanical engineers. This is needed

very badly because these are the areas NE's live and work in." "Engineering
education does a pretty fair job with fundamentals but is lacking much in

practical application. Too many professors have advanced degrees and much
theoretical knowledge but fail to put this information on a practical plane.
This may be due to their own lack of industrial experience."

And civil engineers: "The field of civil engineering requires a great

deal of skill in drafting. I feel too much emphasis is put on theory and not

enough time devoted to teaching drafting skills." "Civil engineering education

can be improved by making sure that students have at least some 'on-the-job'

experience -- e.g. summer construction jobs or part time jobs during the

school year -- this is about the only way they can gain any real appreciation

of their academic work." "Practical on-the-job training should be required

along with college courses."

Some of the comments conveyed a note of exasperation: "Pleases push

for more 'practicality' and a little less 'academicity." "Education in any

field would be many times as valuable if practical experience could be acquired

with it." "On-the-job training or some form of industrial experience should

be included in any engineering education program as a mandatory requirement."

Practical experience was recommended by employers for a number of

reasons: "It would be effective to establish training programs for managerial

engineering. This would provide experience in the economic aspects of engineer-

ing as well as practical work experience. I think llichigan State runs a hotel

management program by providing an actual operating hotel for seniors to work

in." "Engineers can learn a great deal from laborers and technicians. The

PR aspect of learning how to handle these people and gain from their experiences

is important." "In placing a great deal of emphasis on math and theoretical
research, practical applications are ignored. Thus the firm's everyday problems

often baffle the 'ivory tower' engineering graduate, and this necessitates

extensive on-the-job training which might be avoided."
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Other employers were less constructive and more critical: "In the

teaching of engineering studcnts, field work or actual experience is sadly

lacking in most college and university graduates." "College men lack a

basic knowledge of the practical 'nuts and bolts' end of engineering."

"Teach less theory and spend more time on the practical and mechanical as-

pects of engineering."

The need for practical experience was expressed in all kinds of language.

Electronics engineer: "You can teach product engineering but you cannot make

good product engineers. A good PE is made up of bits and pieces from the

junk-box of experience and natural ability." Electrical engineer: "Teach

the students engineering what they can apply in industry." Civil engineer:

"There is and has been a need for realization that current formal education

in science and technology, however advanced, however technically perfect,

however sophisticated, is in itself an idle, almost worthless thing. It is

only through purposeful, practical application of this education to the real,

physical, practical, and human needs of people that the potential worth of

current formal education in areas of technology and science can achieve

optimum realization."

A civil ersineer in one of the federal agencies sums it up this way:

"Bring to the student who is planning a career in engineering an understanding

of the real world application of his occupation. Too many classrooms in the

universities are geared to the individual who is going into advanced research,

therefore the engineer is coming out of college with a lot of theory and

technical background that he can't put to use in the field. He needs a certain

amount of theory but the universities should realize that by far most of the

engineers, at least UE, EE, Arch.E, have to have a certain amount of practical

knowledge also. If somehow options could be incorporated into more of the

universities, where an engineer could go either to research or to practical

engineering, I believe the field would profit."

Cooperative Work-Study Programs: The best way to get practical experience

while in school, in the opinion of a major segment of Arizona industry, is

through cooperative work-study programs. Employers were asked in the survey if

they favored this idea and most of them said they did. nany added their awn

suggestions. A machine shop supervisor: "There is a gap between the theore-

tical and practical knowledge of graduating students and the solution is

exposure to work while in school. We should have co-op school-industry programs

whichwould expose the student to problems encountered in the shop and not just

exercises in a text book." A metals company executive suggested: "Ilore direct

active communication between schools and industry and more school-industry

type programs." And a chemical company employer recommended "that junior

colleges and senior colleges provide technician level courses with less than

a bachelor's degree at graduation -- preferably with practical experience.

In-plant arrangement with employers as part of the curriculum."

Emplcyers of engineers suggested numerous advantages of co-op programs.

"Favor on-the-job training during the last two years of college work. lieed

to stress oral and written communications more." engineer should try

to work for a year or so in machine shops while he's a student to gain prac-

tical experience." 'Students should have actual work experience during first

semester of senior yelr, and also have some courses in business administration."

"Heed more cooperative school-industry and on-the-job training programs."

11 Summer jobs in machine shops would provide valuable general experience, and



196

get the student's hands dirty."

Opportunities for co-op programs apparently exist in almost every kind

of industry. Machine shop: "This small shop has neither the facilities nor

the personnel to train extensively on-the-job, but I would like to see similar

small industries join together to set up co-op programs for employees." Elec-

trical equipment manufacturer: "Much is gained by students when they are able

to work summer vacation with some company." Engineering firm: "Co-op programs

-- more practical experience needed during training." State agency: "Suggest

development of an in-service program which will allow the engineering student

to work with practicing engineers in his field of interest, allowing him to

develop an understanding of the types of problems involved and an introduction

to the approach to solutions. This would reduce the long time now required to

make a productive man of the new graduate."

Uany engineers were familiar with the co-op idea and recommended it

highly. Electronics: "I participated in the engineering co-op program with

industry during my undergraduate work at Northwestern University. I consider

this experience to be of extreme value, particularly during the first few

years of my career." Mechanical: "Alternating academic and on-the-job ex-

perience has two tremendous advantages: 1) it offers the student the oppor-

tunity to see first-hand the type of envoirnment he will be exposed to upon

graduation, giving him a much better opportunity and incentive to grasp more

firmly the areas of academic material that will be necessary in his job. He

will be much better prepared to select the technical and non-technical elec-

tives offered in obtaining his degree. And 2) he will usually be able to

finance a majority of his education from the earnings obtained during the on-

the-job portion of his program, a decided advantage in this day of skyrocketing

educational costs." Electrical: "It appears highly desirable in our day to

institute a six year engineering education program: Three years basic analy-

tical approach, first year of specialization, one year of apprentice level

training, and second year of specialization." Mining: "A program similar to

that used by the Drexel Institute in Philadelphia would be beneficial to all.

After one year of college a student alternates six months of college with six

months working in industry." Electronics: "Consider industry-university co-

operative on-the-job type of training for three to six hours of college credit

requirements." Civil: "Need a 'work six months -- attend school six months'

program to develop engineers and engineering technicians from men who cannot

afford full-time college or who are already on the job."

Technicians expressed equally favorable opinions. Civil: "Classroom

teaching should be coupled with field problems. The student should try to

get all the field experience he can while still in school." Mechanical:

"Include co-operative education with industry and a high percentage of 'pro-

ject' courses necessitating application of knowledge, ingenuity, shop practice,

and summary report writing." Electrical: "One should get as much practical

experience as possible while attending school in this particular field of

electricity and electronics." Mechanical: "There is nothing better than

actual experience in understanding. A co-op course is recommended." Civil:

"More use of the student's summer employment to work for possible employers.

Could and should be arranged through the colleges."

There was only one objection to co-op programs expressed among the hun-

dreds received, and this was from an electronics employer: "Co-op school-

industry programs are not feasible because all material is too specialized.
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Engineering should be taught in school." The electronics industry reported

the lowest support of cooperative programs of any group in the survey, and

there may be problems here which make it less attractive. Even in electronics,

however, employers would like to see some kind of closer relationship with

the schools. One large electronics manufacturer suggested: "Schools should

have students visit industry to see course work and how it would be used in

actual industnr application." Another electronics manufacturer, referring to

industrial engineers, recognized the logic in co-op programs: "To a major

degree, many of the abilities required to be successful in this occupation

must be acquired in the work experience." Others simply added their voices

to the majority: "More electrical circuit application and more school-

industry co-op programs."

For A Better Product

Modernize Courses and Equipment: The great majority of suggestions

were intended to help the schools produce better educated and better trained

graduates for industrial employment. Not all of the ideas submitted appear

feasible. Some would require major revisions in the educational system,

but most of them are realistic. They appear to have been carefully studied

and obviously are based on impressive individual experience. They often

reflect concern about the gap that many industrial personnel feel exists

between what is taught in school and what is needed on the job. Some of

that concern was focused on outdated subject matter and obsolete training

equipment.

Electrical and electronics engineers were particularly concerned:

"Engineering schools are too far behind industry. Colleges are teaching

things that industry scrapped a decade ago." "Keep college courses cur-

rent with industry needs and latest advances. Courses sometimes are ten

years behind." "A senior in engineering college should be required to take

a course covering the current 'state-of-the-art' in his chosen field; text-

books are out of date by the time they are printed." "Trust that engineering

schools keep up to date with the technology -- the one thing I found after

getting out of school was that textbooks were about five years out of date.

Had a lot of catching up to do." "Courses offered should be current and

well coordinated with industry as to content and schedule. State univer-

sity rules concerning requirements for advanced degrees should be reviewed

and updated."

Some of the concern dealt with specific subject areas. A government

agency in air traffic control observed: "Tech schools, junior colleges,

and universities would train better electronic technicians by developing

modern sophisticated courses in such things as range patterns and transmission

lines. At the present time, the only place in the world that offers up-to-

date training in electronic technology is the FAA Academy in Oklahoma City.

Employees with varied educational backgrounds are sent to the academy not

only from the FAA, but also from the armed services and various foreign

countries. Technicians who are trained there are in demand in private indus-

try. Probably 75% of the Academy's training is general in its application,

and could be offered in public schools. Its availability would be of great

benefit to both the government and private industry."
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A civil engineer made a very practical suggestion: "As a senior course,
I would strongly recommend a 'standards' course (say 1 semester hour) to
acquaint the student with industry and other standards he will run into his
first day on the job, e.g., USA Stds., NEUA Stds., EEE Stds., AMIE Stds.,
UL Requirements, AGA, Nat'l Elect. Code, Nat'l Elect. Safety Code, Building
Codes, Dire Protection (NEPA, FIA), Plumbing Codes, Hydraulic Institute, etc."

There were a number who felt that updating engineering and technical
courses could only be accomplished by updating the faculty. An electronics
technician: "Because of the 'day-to-day' technological advancements, I believe
educators should work in large companies one or two months a year in order to
stay abreast." An engineer: "Educational courses are not able to keep up
with the present state of technology. It would help to have teachers who at
the same time are working in the field."

Many employers stated flatly that students coming directly from the
schools were not familiar with the products, methods, and equipment of modern
industry: "Chemical engineers need more training in the advancing technology,
not just specific courses. Where technology changes, so should the training."
"Make students aware of new manufacuuring processes."

More Technical Education: There is concern in industry that not enough
technical courses are being taught. More than 25 specific areas were listed
in which educational facilities are felt to be inadequate or do not exist.
A metallurgical engineer called attention to one of these: "There is a need
for a degree program for Foundry Engineers, similar to curriculums offered in
many eastern universities. Why? Ten years ago Phoenix had one foundry. Now
it has two large ferrous and three large non-ferrous foundries, along with
perhaps a dozen smaller firms. Metallurgy courses in state universities here
lean toward geology and mining in emphasis, and perhaps only mention molten
materials, casting procedures, spectograph analysis, and other areas for which
there is a need in foundries. Companies are now forced to train employees
on the job -- this is costly since it involves considerable time and the
trainees turn out a lot of 'junk' before they are sufficiently trained. Sug-
gest for the student in junior college that training in X-ray work and fluo-
rescent analysis would be invaluable for going into foundry work."

Several utilities and electrical engineers mentioned the power field:
"Universities have about abandoned electric utility's need in teaching power-
oriented courses-power transmission, system stability, protective relaying,
'large' synchronous machines. In most cases the professors do not mention
utilities as potential employers of engineers, assuming their work as non-
challenging or glamourous, all in error." "Public utilities and electrical
equipment manufacturers need engineers that have had courses in 'power."
"We definitely need more power courses in engineering particularly in the
field or operation and maintenance of power systems."

Manufacturing processes and other industrial engineering requirements
were considered inadequate or lacking altogether in many schools. "More

courses should be offered in quality control, i.e., reliability, manufacturing
processes, systems, general engineering, etc." "There is a lack of courses
pertaining to industrial engineering particularly in time study, labor rela-
tions, quality control, and systems analysis." "Need courses related directly
to a quality assurance program." "Need more training in statistics and quality
control techniques." "More manufacturing processes training in schools."
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Other specific areas include plastics: "Schools are deficient in the

field of plastics. Courses should be offered to prepare for this field."
"Plastics is a new area and needs to be taught in schools and universities."
"More courses should be offered in plastics."

Chemistry and natural resources: "The colleges of Arizona should provide

special training in the chemical engineering filtration field which is very im-

portant in our technological society that is being sadly neglected." "It would

be good for one educational facility to offer courses in wood technology and

paper making." "Students need work in these areas: microbiology, biochemistry,

and organic chemistry." "Only three schools offer training in quartz crystals --

University of Georgia, C.C.N.Y., and Colorado School of Mines." "Nore courses

in non-metallic materials should be offered." "Efforts should be made to pro-

vide courses in environmental testing at a vocational school level and at

higher levels." "Sheet metal men in the shop should have a short course in

metallurgy."

Uechanics and mechanical equipment: "A course in servo-mechanisms is

necessary. Where are the classic UE subjects of mechanics, strength of ma-
terials, thermodynamics, etc.?" "Uechanics of gasoline computers are needed."

"Need fluid flow and heat transfer courses." "The degree field has become so

wide that heat and cooling is sometimes left out partially." "Students should

be given more varied experiences in electronic controls, dielectrical heating,

r.f. heating." "Aircraft mechanics do not get enough technical training on new

jet A/C." "In dire need of FAA -- AUP written and practical school courses in

Arizona." "A course preparatory to an examination for FCC first class license

would be a good idea. None of the schools in this area offers such a course."

"Universities should provide more courses which would prepare students for the

consulting field -- i.e., codes, air conditioning, design, piping systems,
A.C. equipment, specification writing."

Drafting was repeatedly mentioned: 'tore emphasis should be put on

drafting and sketching." "Put more emphasis on drafting -- example, a high
school grad who took a few courses at a Ninnesota school, MPLS Drafting
(voc-tech), can draft circles around an engineering grad." "Desperate need

for more training of draftsmen -- freehand lettering." "Engineering students

make great draftsmen -- we'd welcome more."

In most cases the suggestions for more technical courses overlooked

their effect on already overloaded curricula, but there were few who umuld

sacrifice other parts of the educational program if necessary. "While no one

can deny the importance of the humanities, social studies, and communications,

the taking of additional technical courses is considered by the author to be

more advantageous. Humanities, etc., should be acquired independently."
"Don't strengthen non-technical courses if it means deleting technical material

or extending the degree program." "llore technical courses; fewer social studies

and humanities."

Uore General Education: Those who urged technical courses in place of
general education however, were so completely in the minority that they almost

lend emphasis to the opposite point of view. Uuch of the opinion on this

point was emphatic. An electronics engineer: "An engineering school should

be more than just a 'trade school." An engineer must be well rounded --

humanities, liberal arts, non-technical courses of all kinds must be manda-

tory!" An industrial technician: "Please stress the importance of the social
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s and humanities, as no man is educated without them." Civil en-

"I would recommend that there be more, not less, courses in social

." Electrical engineer: "I strongly feel that engineering students

stronger background in the social sciences than I got as an under-

te." Drafting technician: "Emphasis on geneial education leaves much

desired. At all costs, avoid turning out graduate engineers or tech-

s who know little or nothing beyond their immediate speciality." En-

ring company: "Educational programs seriously deficient in all humanities,

sh, personal relationships."

Some of the recommendations for more general education went into consider-

able detail. One was three pages long. Many of them filled the blank page

on the back of the questionnaire which was available for this purpose. From

one of the more lengthly dissertations are these comments from a mechanical

engineer: "I graduated in 1951 with a technical diploma and had no problems

until 1963. Then it was required of me to get the humanities that were required

for a BS. In reviewing the present day requirements, don't require a whole

lot of 'busy work.' Let the student see why he will need certain items such

as English, law, math, American history, medieval history, English literature,

and some courses that do not help the student in post student environment.

But do show the student why there is a need."

There was a great deal of concern expressed over the tendency in en-

gineering and technical education to crowd courses out of the curriculum

which do not contribute directly to the field. An instrument maker wrote:

"I feel we have need of more well-rounded persons in the engineering fields.

Many in the field seem to be too specialized in one line of work with no

feelings or interest in the humanities and social studies." A mechanical

engineer touched on a tendency within the profession to resist general educa-

tion: "Liberal arts and non-technical courses are essential to the develop-

ment of a well-rounded engineer and individual; those who avoid or complain

about these courses are unfortunately penalizing themselves."

Others simply expressed their convictions that engineers, technicians,

and skilled craftsmen should be educated for more than simply what their

jobs called for. Civil engineer: "Too many engineering schools overlook

the importance of the non-technical liberal arts courses." Tool and die

maker: "The shop man needs both formal and practical training." Electrical

engineers: "Don't give up on humanities courses. Include history and litera-

ture." "I think more emphasis should be placed on the humanities and fine

arts." "More courses in humanities, social behavior, psychology, etc."

Many employers and employees alike commented on the additional benefits

to be gained from general education which contribute to career success. A

machine shop owner: "For administrative positions in this company -- if a

technician wants to leave the machine for a better position in administration

-- then a broader educational background is required, both in teChnical and

business-social areas. Educational needs are increasing all the time, and

in a small business, a good man must be a jack of all trades." Mechanical

engineer: "The humanities and social studies have no direct hearing in my

technical field, but very definitely help in preparing presentations, bridging

the personal gap between myself and customer contacts, public speaking and

salesmanship in general." Electronics engineer: "Public speaking, psycho-

logy, personality development courses or courses of a similar nature contrib-
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ute largely to individual success. Courses in logic would greatly enhance

the individual's ability to present technical arguments in a convincing man-

ner." Copper mine executive: "The technical end of education is pretty

good -- it's the human relations part which needs to improve."

There were only a few who thought general education might receive too

much emphasis. A mechanical engineer wrote on his questionnaire: "Humanities,

social studies, etc., make one 'well-rounded.' A well-rounded person, when

pushed, rolls easily. Don't we need a few more well educated 'square' engineers?"
A drafting technician expressed it a little more pointedly: "I feel that the

importance of liberal arts courses is overrated by most schools. Stick to the

Npat and season mildly!" There were others, who saw even more gaps in the

education of engineers and technicians. An engineering company employer: "This

job required physical fitness -- schools should increase P.E. courses." An

associate civil engineer recommended a one semester course in law. "The course

should cover legal descriptions and court procedures dealing with land owner-

shill and property rights." Another employer: "Graduating seniors in general .

are poorly prepared for job interviews -- a well-rounded seminar would benefit

both the prospective employee and employer." Electronics engineer: "Detail

courses are badly needed in human relationships vs,, technical operations. For

example, standard rules of conduct, methods of approach, friction points, com-
munication breakdown points, etc."

A serious gap frequently mentioned in the education of industrial

personnel at all levels, especially engineering, was business and management.
An electronics engineer put it this way: "Hy major suggestion is integration

of business (with emphasis) and engineering-science curriculum. Any technical

person who is competent must at some point in time manage projects requiring

aptitudes in budget and personnel management. Common sense alone does not

always produce favorable results." And from a chemical company executive:

"Two areas which are neglected in the education of engineers. First, the

graduates have a lack of economic reality. They know little about the busi-

ness aspects of their professions, and they tend to over-rate their value to
the employer and what they must do to attain rank in the organization. Secondly,

they need more experience with behavioral sciences and PR. This refers again

to the ability to handle and get along with people."

Civil engineer: "Most engineers are well versed in the technical

aspects of engineering. However, engineers have little or no training in

management or supervision." Associate electrical engineer: "Specifically

business and social studies tend to help form a personal background conducive

to a successful career." ilechanical engineer: "Additional training in indus-

trial management is a necessity for an engineer who has aspirations for the

upper echelons in today's industry." Civil engineer: "It is my opinion that

in addition to the normal program, any engineering curriculum should be rounded

out with courses in economics, accounting, finance, business management, etc."

Electronics engineer: "Make business courses required (not elective) in the

engineering curriculum." Highway construction company: "More business and

communications courses, which are already offered, should be made mandatory

for engineers. The guy with technical knowledge in humanities, business, etc.,

will eventually surpass him."

The biggest gap by far in the education of engineers and all engineer-

ing-related personnel apparently is in communications. In the words of a civil

engineer: "The most obvious deficiency of engineers and scientists in the U.S.
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Is their inability to write and speak effectively, concisely, and vividly.

Reading technical journals and attending technical conventions has convinced

me that this is true. Our educational process, from grammar school through

college, does not provide nearly enough criticized practice in using our

native tongue; indeed, many Europeans, for whom English is not the mother

tongue, surpass us in their ability to use English. What I am after is the

ability to use English to communicate, not to obfuscate. Perhaps journalism

might teach us how to produce journeyman prose that reaches the reader or

listener without necessarily having an artistic content."

An employer in the metals industry commented that "most graduate

engineers are technically proficient; in fact, so technically oriented as to

render their communication incomprehensible." He suggests "more strenous

English requirements stressing clarity and accuracy of expression -- also,

make the Sophomore Proficiency Test more stringent." A radio broadcasting

engineer: "Most engineers and technicians have difficulties in reading,

writing, and comprehension -- they should be taught these subjects with the

same emphasis as on the technical courses." Engineering company: "Need more

stress on English and communications to sell ideas. nany engineering graduates

cannot write a good sentence." Chemical company: "In general, engineering

technology graduates have not been trained to express themselves with the level

of proficiency they attain in their scientific fields." Government agency:

"An engineer must be able to understand and communicate with other employees

ranging from the illiterate to professional." City engineering department:

"Need more communications. Technical reports should not be bogged down in

jargon -- laymen will have to interpret them. Put more stress on basics

like drafting."

Engineers and technicians must communicate with each other and with

the non-engineering public. The head of an engineering firm: "There exists

a basic problem in communication, especially from engineer to layman. Mich

more emphasis should be given to grammar and general composition as taught

to, e.g., English majors. Engineers tend to become entangled in technical

jargon and so it sometimes becomes necessary for the laymen to enlist the

aid of other engineers to interpret technical reports." Electrical engineer:

"Stress fundamentals, stress reading, writing, and communicative arts. Nothing

one does is useful unless it can be explained to someone else in terms they

can understand." Civil engineer: "Engineering education should put more

emphasis on technical writing, public speaking, and management cburses." Elec-

tronics engineers: "Teach engineers how to write and speak. Also, teach

them to work with system concepts as well as with components of systems."

"Technical writing is of extreme necessity as is public speaking. These

latter must be keyed to the technical profession." "Emphasize English and

technical writing in engineering courses. Some public speaking should be

required." Tool and die maker: "Tool and die makers need more English and

oral communications in their present training." Chemical technician: "Read-

ing and communications are a large industrial problem -- teaching people to

read." Civil engineer: "College should provide more and/or better courses

in specification writing, engineering business administration, and engineering

construction (including cost estimating)." "In my opinion the most neglected

part of an engineer's education, and this includes all engineering disciplines,

is facility in handling the English language. Probably this fault could not

be laid to the universities; I believe it begins in elementary and secondary

schools."
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An electronics engineer sums up the case for more general education

in these words: "All universities I have attended seem to stress the tech-

nical (mathematics and theory) aspects of engineering much more than the

planning, writing, management, and supervisory aspects. It has been my

experience that once an engineer gets into industry he spends a small portion

of his time on jobs or phases of his job which require use of his technical

abilities. Most of his time is spent on planning, making cost analyses,

keeping budgets, writing reports, and supervising technicians. These jobs

require skills not normally included or barely touched upon in the engineering

curriculum. These are areas in the engineering curriculum which I feel need

to be expanded. Or, in other words, I feel that the engineer should be

given a look at the real world before he enters it."

New Directions

General Education: Some of the new directions appearing in engineering

and technical education were given support by recommendations from industry.

A number of engineers, favored the controversial idea of general engineering

rather than specialization at the undergraduate level. "Keep BS programs

on a general education basis with no particular specialization. Do not reduce

requirements in English, speech, business, general engineering, etc." "Estab-

lish a practical engineering degree in four years and specialized degrees

after that -- requiring the higher math, etc." "I feel we are wrong in gradua-

ting so many types of engineers such as civil, mechanical, electric, mining,

etc. Let's graduate professional engineers and let them specialize later."

Most support for general engineering education came from electrical

and electronic engineers. "I believe more basic physics courses and fewer

courses specializing in a particular field of engineering prior to bacca-

laureate degree are highly desireable. Additional courses in the arts would

be worthwhile. Specialization in a particular field of engineering study

should be largely limited to post-baccalaureate study." "Don't give a spe-

cialized BS degree. This could wait for the MS if at all. Make future job

duties clear to freshman and sophomores." "More time spent on basic EE. Let

the more advanced courses be offered in graduate schools."

There was almost no opposition expressed. One civil engineer, said,

"There should be a stronger reference to the field of engineering in which

the individual wishes to participate." And of course the advocates of more
technical education, especially in new degree programs, seemed to be saying

that specialization in school is needed. Actual opinions expressed, however,

were for an engineering foundation capable of meeting the needs of various

kinds of engineers in modern industry. The comment of an electronics engineer:

"The technical world is changing too rapidly for educational institutions

(both high schools and colleges) to attempt to maintain narrow specialization.

These institutions would be serving a far more useful purpose if their edu-

cational programs were concentrated on the fundamentals with emphasis on

flexability to meet the challenge of this changing technical world. Greater

emphasis should be placed on humanities now woefully lacking in most tech-

nical educational programs."

Flexibility and Diversity: With or without specialization in the under-

graduate years, the need for more flexibility and a broadening of the curri-

culum was urged repeatedly. Engineering firm: "Schools need more flexibility
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in the training process so that students may advance at their own rate and be

capable of becoming more proficient in areas of interest." Electrical en-

gineer: "College and university training should be more oriented toward

fundamentals which are useful in almost all fields of specialization." Elec-

tronics engineer: "Engineering education is too scientific-oriented and not

related to most engineering jobs. I would prefer basic science plus liberal

arts." Civil engineer: "Engineers should have a broader educational curri-

culum. Specialization without an over-all broad exposure should be avoided

if managerial or supervisory skills are to be developed."

The changing needs and interests of professional engineers was often

discussed, primarily in fields of electricity, electronics, and consultation,

but by others as well. An electronics engineer: "I am not sure many uni-

varsities adequately acknowledge the interdisciplinary nature of some occu-

pations. Thus, my own interests are more in the applied mathematics and

statistics area than in engineering at present. The areas that interest me

now -- the general field of operations research or systems science -- are

often covered as engineering, but more properly belong in an 'Applied mathc-

maties' or similar department. Similar interdisciplinary work is done in

such areas as applied physics, biomedical engineering, adaptive devices, and

others. Really adequate training in these fields will have to cross some

of the traditional departmental boundaries existing at most schools." Elec-

trical engineer: "We have found that the universities are graduating en-

gineers without knowledge of the consulting field. This field not only re-

quires a basic knowledge of the electrical sciences, but also knowledge of

building construction, blueprint reading, and strong engineering economics.

Also badly lacking is the knowledge and skill or presentation (drafting,

specification writing, and report writing). The consulting field also demands

knowledge of human relations." Nechanical engineer: "The wide variety of

subjects which must be kept in mind and used to satisfactorily perform one's

duties as a draftsman for most copper companies requires a special blend of

parts of the curriculum of several types of engineers. The trend of speciali-

zation prepares an engineer mostly in his own field without knowledge of

other fields. The new engineering graduate is not prepared for such variety."

A few employers felt that technicians and skilled craftsmen should also

avoid too narrow specialization. "Insufficient importance appears to be

given 'adaptability.' Almost any man can succeed without formal education

if he likes his work, is dedicated to it, is industrious, honest, and ambi-

tious." "Teach more vocational subjects, not any specific area. Give well-

rounded dexterity." "Insia small firm like this, it is difficult to be trained

specifically for the specialized jobs found here and multitude of duties one

may have. General background will have to suffice." "Students going into work

with consulting firms are greatly handicapped by lack of drafting ability, and

lack of any concept of engineering planning of municipal and highway fields."

"Two-year 'associate degree' with credits applicable to higher degrees later

would also attract many students and provide starting technical level jobs."

"Encourage all young people to (1) get a college education in any field, and

(2) learn a trade."

Degree Programs: Inevitably the question of a five-y(ar engineering

degree comes up in a discussion of broadening the curriculum. A number of

engineers made it a part of their recommendations in the survey. Mechanical

engineer: "Engineering programs should be extended to five years of study

with greater emphasis on professionalism, ethics, and management." Industrial
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engineer: "I feel that the basic requirements of my occupation require five
years of college level education. The fifth year should emphasize the busi-
ness aspects of the engineering profession." Electronics engineer: "I can-

not agree with the specialization of the present engineering BS programs.
It appears the engineer learns his specialty on the job, often after 'unlearn-
ing' many preconceived notions and out of date 'facts.' Let's have a good
four-to-five year engineering course, perhaps based on U of A's present en-
gineering physics program -- a broad but highly useful curriculum. Studying

circuit design on the way to a bachelor's degree is nonsense."

Chemical engineer: "I would suggest greater emphasis on humanities and
management courses. Four years does not seem to provide adequate education
for the field. I would suggest a five-year program to allow more non-engineer-
ing courses and greater diversification of the engineering education." Elec-

tronics engineer: "Engineering schools should have five-year programs of
study. The students should take an adequate number of liberal arts courses,
and the technical courses should reflect the present needs of industry." Civil

engineer: "BSCE program should be either a five-year program or six years,
"ASCE or CE with further training. Four years of college training cannot pro-
duce adequate engineers -- not enough exposure to requirements."

No attempt was made in the survey to determine the actual weight of
opinion on this question, but voluntary expressions of support for the four-
year program were almost entirely missing. One of the feu who did support
it was a mechanical engineer who wrote: "I suggest greater emphasis on
communication, economics, and use of industry support for up-to-date descrip-
tions of technology level. Retain BS as first professional degree." An
electronics engineer perhaps expressed the feelings of many who dislike the
trend but do not know what to do about it: "The trend today in engineering
programs is to broaden the base of knauledge and require more humanities.
This is done at the expense of the technical foundation. I believe that
this widening of background has reached a point where an engineer with a BS
degree actually knows very little about the field in which he is supposed to
be a specialist. I do not believe that every engineer should be required to
get a US degree, yet this is the present trend."

Another electronics engineer described the same kind of frustration:
"Would suggest good basic education in the 'hard' sciences, with liberal
reading in all fields, areas, and disciplines. I don't think that, with
our wasty educational system, there's time to take formal courses in the
humanities, etc., while getting the mandatory educational tools for a tech-
nical occupation. Things are moving too fast and the accumulation of facts
and techniques is outstripping our communications abilities."

ContinuinR Education: One solution to the problem of burgeoning educa-
tional requirements is to remain in school after going to work. Widespread
interest in continuing education was a significant development revealed in
the survey. Electrical technician: "Continue to expand adult education
opportunities for those who must work but want also to learn." Civil tech-

nician: "I would like to see more extension courses offered in the field of
engineering in my area." Electronics engineer: 'Uore continuing education
by the state universities is needed in engineering and it should be made as
convenient as possible through local programs, TV, etc." Instrumentman: "The

greatest advantages to skilled men interested in improvement in their chosen
field would be to have local adult classes in technical and mechanical educa-
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tion, either through the present school system or a junior college in this
area." Electronics engineer: "There is a strong need for lin-plant' short
courses in new engineering techniques or refresher courses such as circuit
design by use of computers, computer operations, integrated circuits, re-
freshers in inplace transformers, differential calculus, information theory,
control systems b:nd noise theory. Also, management courses." Electrical
engineer: "Hore graduate courses should be made available for the electric
utility oriented people." "Offer specialized engineering short courses (semi-
nar type) and encourage industry to send selected key employees." Civil en-
gineer: "BettoT and more extension courses in engineering subjects, taught
by experienced teachers."

Mich of the interest in continuing education stems from a need to keep
up with changing technology. Electrical engineering, for example: "Periodic
short courses in electrical utility and construction engineering should be
given to assist practicing engineers in keeping up to date with new products."
An electronics engineer: "At age 55 I consider my formal education a continuing
program in order to communicate with the younger engineers. I consider this
as an obligation, if nothing else." Another electronics engineer felt that
continuing education should be on a regular routine basis: "Encourage indus-
try to return all engineers to school for one year full-time every five years
to update skills." Numerous comments simply reflected a growing need through-
out large areas of industry for "courses for technicians and engineers to
keep them abreast with the rapidly changing state-of-the-art in so many tech-
nical fields."

Non-technical courses are wanted as well as courses in engineering and
technology. Electronics engineer: "Graduate level courses should be given
at Fort Huachuca. Several additional courses and labs in English grammar,
composition, vocabulary, comprehension, speed reading, and oral communication
in place of and or addition to ones presently given are needed because the
electronic field is always moving and requires continuous study and reading
by the engineer. Also, most engineers spend a large part of their time
writing reports and papers. Usually, sufficient courses are not given."
Electronics technician: "There should be effective reading and writing
courses available in-plant for all employees who spend most of the working
day doing both."

The need for continuing education, in fact, embraces entire curriculum
offerings at the universities and junior colleges, with considerable interest
in off-campus degrees. A metallurgical technician wrote on his questionnaire:
"Offer courses so that people who must work 40 hours a week can finish their
education. I am still trying, but the university only teaches science sub-
jects, especially chemistry between 10 and 2 p.m." Nechanical engineer:
"Need advanced courses in mechanical engineering made available during even-
ing hours. Should be able to obtain master's degree at night school in the

Phoenix area." Electronics engineer: "A definite need exists for more liberal
graduate engineering programs. Nany engineers, myself included, would like
to obtain an advanced degree but find the present residency requirements make
it virtually impossible to do so without changing jobs and moving." Electronics

technician: "Offer night courses leading to a BS in electrical-electronics en-
gineering, engineering physics, and physics." Civil technician: "At present

I am enrolled in evening college, working for a two-year technical degree.

I have nothing but praise for the technology program."



207

Continuing education means education at night and this was the constant
refrain heard throughout the state: "Need more upper level courses available
at night school." "Specialized or general engineering courses at junior col-
lege night schools." 1:lore night technical classes for upper levels in physics
and engineering." "It would help a great deal if more courses were offered
after working hours." "Hore college evening courses in the first two years of
engineering; technical or engineering correspondence courses organized by a
state university; joint industry-university organized evening classes accept-
able toward a degree." "Need more engineering on the undergraduate level
offered at night or on Saturdays." "Evening courses in the various junior
colleges or extension courses for those in smaller cities would be helpful."
":lake more courses available at night for working people." "I'm very interested
in an engineering course of study offered in evening hours." "Evening classes
should be made available for older engineers to keep up with the-state-of-the-
art." "Nore lower level engineering courses at night. Also, more variety in
the IIS program at night." "We need a good evening program in advanced en-
gineering and mathematics. Opportunity for daytime attendance is limited."
"Availability of graduate course work in the evening hours is extremely valuable
for keeping abreast of the engineering profession."

To a great many persons in industry today the problem of adequate education
when and where they need it is becoming critical. One mining engineer wrote:
"The working engineer who cannot return to campus for full-time study, yet
wishes to maintain disciplined study in advancing techniques such as computer
application, systems engineering, ground control, equipment improvements, and
many economic analysis techniques, is a lost soul."

Electronics technicians: "At present I have over 60 semester hours of
electronic engineering courses, but am unable to attend night classes for addi-
tional courses due to working on rotating shifts. Would like to see local
universities set up a good correspondence program for people in my position."
"Why must the larger portion of the last two years of college be completed on
campus? This arrangement makes it very hard for the actively employed family
man to finish his degree if he does not reside in a college tawn." "I have,
besides the associate degree, two years toward a BSEE degree. I am disappointed
in finding such a limited opportunity to obtain additional credit in night
courses in the Tucson area." "Engineering courses in the universities are not
readily available for a person (technician) working during the day and trying
to attend school at night."

Electronics engineer: "At remote work locations that employ substantial
numbers of engineers and scientists, the employers and higher institutions
of the state should make graduate level courses available at the work loca-
tion." Electrical engineer: "It would be a great boon to the Valley if ad-
vanced engineering subjects were taught on the 'west side." Civil engineer:
"At the formal continuing educational level, much needs to be done. nany
more short courses and workshops are needed -- designed for the man in prac-
tice -- not a piece of a graduate course." "I would like to see either night
courses or home study courses made available to people who live out of the
two major university areas of Phoenix and Tucson."

Industrial engineer: "I strongly advocate that educational institutions
initiate junior and senior level courses in evenings (rather than just post-
grad work). A large number of married, full-time employed people are 'stale-
mated' after two years of undergrad work. These people are serious, stable
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students unable to go days." Electronics engineer: "1 would like to take
several physics courses (optics, solid state), but they are never available
at times when I could attend. Uore extension courses at central, convenient
locations would be helpful." Electronics engineer: "Provide more degree
credit engineering and technical courses in the continuing education divisions
of our universities at hours that are useful to adults who hold full-time
jobs. Also provide additional courses for adults who are not seeking degree
credit but need refreshers or a broad brush of new technology. The non-credit
adult courses should not require normal prerequisities." Chemical engineer:
"There is a great need for advanced upper division courses in chemistry and
electronics in night school -- the employees who work days find it impossible
to continue their education at night due to lack of courses."

Ugchanical technician: "There are no school facilities close enough to
attend without quitting my present job." Uochanical engineer: "I would like
to see a BS and US program in mechanical and electrical engineering in north-
western Arizona. Possibly an extension of correspondence courses from NAU,
U of A, ASU. However, since this area makes a small total population, I ima-
gine this idea is impossible." Civil technician: "I have worked in north-
eastern Arizona for the past 22 years. In this time, no night school or
classes were available in any phase of engineering." Drafting technicians:
"Have more night courses. I cannot get all the courses I want at night."
"A person should be able to get a degree in engineering while going to night
classes. At present this is not so in this state." "Provide college edu-
cation to remote areas such as Fort Huachuca." One employer suggested "a
broad university extension service in which instructors would be sent to
industrial plants to give courses in such areas as communications, public
and employer relations, employee training, leadership, etc. Also give survey
courses in broad areas at the universities to give supervisory and professional
employees information regarding general trends and an appreciation for other
broad areas of business."

Several persons, including an associate engineer, commented on the suc-
cess of special programs initiated by industry in the schools for men on the

job. "Employer sponsored junior college courses have proved very successful
and should be continued." Correspondence courses were frequently mentioned
as a partial solution. An electronics engineer said: "I would like to see
the colleges do more about working up some good correspondence courses. In

a lot of supervisory jobs engineers are often out of town and unable to
attend classes, and other times family committments prevent class attendance.
In my own case I have learned more from good correspondence courses than in
residence courses."

Advice to Students

Older men looking back at their own education had some things to say to
the students of today. A civil technician wrote: "Uore stress should be
placed on math in louer grades and also be required in high school. Lack
of proper math education costs me at least $150 per month." Other civil
technicians said: "I suggest that all the math you can get will help."
"I wish I would have had the knowledge I have now -- I would have secured
a degree in my chosen profession." "To most students I would advise a minor
in business administration! To business administration majors I would advise
as many technical courses as they are capable off"
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Civil engineer: "The courses in school which I thought were unim-
portant are the ones I am using the most. Students should realize that

no course should be neglected."

Electrical engineer: "Colleges and universities have long presented
liberal arts courses such as economics, English, etc., as a part of an

engineering course, however, the student is not sufficiently motivated during

his school years as to the value of these courses. The engineer does not

learn the necessity of this education until he has been practicing for a

number of years."

Electronics engineer: "Young persons entering the engineering pro-

fession should be informed that they most probably will be a failure if

they don't continue their education in some way after graduation from col-

lege -- either through formal education or extensive study of current litera-

ture on their own time and initiative."

Chemical engineer: "Young graduates in engineering expect too much too

soon. There is a tendency among engineering students to slow down, self-

satisfied upon attaining their degrees. But they must compete with people

who, although they lack formal training, are just as competent and have

learned how to fight their way up. There are people with only high school
diplomas who are earning two or three times as much per year as graduate

engineers in similar positions."

Civil engineer: "Graduating civil engineers should have first-hand
field experience (short time as a carpenter and block layer, etc.) in

each of the occupations they supervise or work with. Uany graduating en-

gineers feel it 'degrading' or beneath them to work in the field, but need

such experience to be qualified engineers."

Hechanical engineer: "I observed in college that many classmates fell

behind and dropped out when the curriculum reached calculus. Lack of coun-

seling is the culprit. Host young men aren't told that engineering is 90%

mathematics."

Electronics engineer: "Ilost of what is learned in the undergraduate

level serves only as a foundation. Everything needed later is beyond or

different from what was learned in the undergraduate level."

Dining engineer: "nany years ago a professor told his class in en-

gineering that the most important factor of knowledge was the ability to

find the proper information in any particular situation. I was in that

class, and have found that factor to be a most reliable truth. Uisdom is

the proper application of knowledge and knawledge is the substance of educa-

tion."

, Associate civil engineer: "Do one should be in this field without first

having a college education. Advancement, experience, and salary are too slaw

in coming without it." Electronics technician: "Electronics technician is

a real good job. Good pay, security, satisfaction." Civil technician: "A

young man raised on a farm or ranch where the family does all or most of the

work has experience and ability, and complete with a leaning toward mathe-

matics, has an ideal background for field engineering." Geological technician:

"It is very important that a person enjoy what he or she does; this benefits



the employee, the employer, and the job itself." Electronics manufacturer:
"The most important qualities a technician trainee can possess are common
sense and patience."

Finally it was an electronics engineer who said it, but there were
many who reflected it in the sincerity and enthusiasm of their comments:
"I like engineering. It's fun, rewarding, and challenging."

004



CHAPTER VII

INDUSTRIAL DEVELOPMENT IN THE DECADE AHEAD1

Arizona's requirements for engineering, technical, and skilled manpower
in the years ahead will depend on the extent and direction of continued economic
development. Most observers at this time view the future as a projection of the
past, with no major changes anticipated in the industrial patterns and trends of
the past two decqdes. A recent study by the Stanford Research Institute supports
this assumption.' Economic and industrial trends in Arizona since World War II,
therefore, will be used as the basis of a projection of industrial expansion
during the next decade. From this a forecast will be made of engineering, tech-
nical and skilled manpower requirements for the 1970s.

Population: Economic performance is measured in human terms such as popu-
lation, labor force, employment, and personal income. Prior to World War II,
Arizona's economic growth occurred rather slowly. Since World War II, and par-
ticularly after 1950, industrial and economic expansion in this State has been
something more than spectacular. In 1950 Arizona's population totaled approxi-
mately 750,000. Fifteen years later it had increased by almost one million per-
sons to about 1,648,000.3 There were 552,000 new residents added between 1950
and 1960, an increase of 73.7%. By 1965 the population had increased another
346,000, approximately 26.4% in only five years. Compared with Arizona's growth
in this period, the United States population increased 18.5% between 1950 and
1960. The annual rate of growth between 1960 and 1965 was 1.4% for the United
States, 2.17 for the Mountain States, and 3.57 for Arizona. These figures are
projected to 1975 in Table 61, using a 40% anticipated increase over the 1965
population. This is a lower rate of growth than that of the previous ten years,
but about the same in absolute numbers.

Population distribution in 1950 was 447 in Maricopa County, 197. in Pima
County, and 37% in the balance of the state. By 1965 Maricopa County contained
537 of the state's total population and Pima County had 20%. While also grow-
ing, but at a less accelerated rate, the remaining 12 counties accounted for
only 27% of the new population figure.

1
Portions of this chapter were prepared by Edward Heler, Chief of Manpower

Research and Analysis, Arizona State Employment Service.

2Stanford Research Institute, "Industrial Development in Arizona," Summary
of Report prepared for Arizona Public Service Co., APS (Phoenix, 1968).

3Arizona Basic Economic Data (Phoenix: Arizona State Employment Service,
1966), p. 66.
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Between 1950 and 1960 th4 median age of Arizona's population decreased
from 26.8 years to 25.7 years. Since the median age of the entire United
States in 1960 was 29.5 years, Arizona's population is comparatively young. A
declining birthrate in the past few years, however, if not reversed, will re-
sult in a higher median age by 1975.

TABLE 61

POPULATION

UNITED STATES, MOUNTAIN STATES AND ARIZONA

SELECTED YEARS
(In Thousands)

Region 1950 1955 1960 1965 1975
United States 152,271 165,931 180,684 194,592 222,805

Mountain States* 5,075 N.A. 6,855 7,693 9099

Arizona 750 1,009 1,303 1,648 2,307

*
Mountain States include: Montana, Idaho, Wyoming, Colorado, New Mexico,
Utah, Nevada and Arizona.

Sources: U. S. Bureau of Census, Statistical Abstract of U. S. 1967.
Arizona State Employment Service, Manpower Directions '75.

Labor Force: In 1950, Arizona's labor force numbered approximately 258,000.
By 1966, it had grown to an annual average of 552,800.5 In the ten years be-
tween 1950 and 1960 it increased 196,000, and in the six year period after 1960,
it grew an additional 98,000. This growth rate is expected to equal, or possibly
exceed, that of the population. The trend line in Figure 25 indicates that no
less than one-third of Arizona's 1975 population is expected to be in the civi-
lian labor force. In other words, @bout 770,000 persons will be either employed
or seeking work in Arizona by 1975.° Since Arizona may be expected to continue
to have a population younger than the United States average, the labor force
will also be younger than average. The principal components of the 1975 labor
force are currently in school or already working. By 1975, about 70% of the
25-44 age group, two out of three in the 45-64 age group, and 40% of the 16-24
age group will be in the labor force.7

4
Statistical Abstract of the Uniied States, 1966 (dashington, D.C.: Govern-

ment Printing Office), p. 23.

5Arizona Labor Force Data (Phoenix: Employment Security Commission of Arizona)
Selected Years.

6
Manpower Directions'75 (Phoenix: State Employment Service, 1967), p.6.
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Source:. Date from 1950 from U. S. Census. Data for 1960 and. 1966 from
Unemployment Compensation Division, EmploYment Security Commis-
sion of Arizona, 1975 Forecast by the Arizona State Employment
Service.
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The relative number of women in the labor force is expected to continue to

increase at a rapid rate. In 1950 a little more than one-fourth of the civilian

employees were women. Nearly one-third were women in 1960, and by 1965 the

feminine wave was expected to reach 407g.

Economic Growth: Arizona's economy has expanded at an even greater rate

than the population since World War II. Personal income increased from $879

million in 1948 to $3,733 million in 1965, a jump of 3257.8 The largest part

of the increase was by wage and salaried workers. In 1965 this group received

an average of $5,035 per employee, slightly less than the national average, but

higher than many other states and higher comparatively than at any time in the

past.

Two additional indicators of economic growth confirm that business and

industrial expansion are primarily responsible for what has happened. Retail

sales have more than tripled since 1948. A growth of 42.8% was experienced in

the five year period alone from 1958 to 1963. In that same five year period ex-

penditures for new manufacturing plants and equipment increased 78.77, and for

new structures and plant additions 149.77. These figures are shown in Table 62.

TABLE 62

ARIZONA ECONOMIC GROWTH 1948 - 1963

Value of Retail Sales

Expenditures for New Mfg.
Plants & Equipment-Total n.a.

New Structures & Additions
to Plant n.a.

(millions of dollars) % Change

1954 1958 1963 1958-1963

$1,001 $1,412 $2,016 42.87

13.8 27.7 49.5 78.7%

n.a. 7.7 19.1 149.77

Note: Data for 1958 and 1963 include expenditures for plants under construction

but not in operation, in addition to expenditures at operating establish-

ments. 1954 data represent expenditures at operating manufacturing estab-

lishments only.

ri.a. means data not available

Source: U.S. Department of Commerce, Bureau of the Census, U. S. Census of Busi-

ness, Vol. I, "Retail Trade Summary Statistics" (Summaries for 1947,
1954, 1958, and 1963); Census of Manufacturers, 1963, Summary Statistics,

General Summary, MC 63(1)-1, Tables 5 and 7, and Area Statistics, Table 3;

and Census of Manufacturers, 1958, Summary Statistics, General Summary,

Table 4; Stanford Research Institute.

8Survey of Current Business (Washington, D.C.: U. S. Department of the Cen-

sus, 1966).



215.

Employment: Arizona's rate of employment growth has been correspondingly

rapid since World War II. The 1940 Census reported total employment at 148,973.
By 1950, this had grown 60.2% to 238,677. During the next ten years, 191,000

new jobs were added for a total of 429,862 recorded in the 1960 Census. The

rate of employment growth increased to 72.67 during the latter ten year period.

Average annual employment reached 501,800 by 1965. Agricultural employ-
ment declined, but nonagricultural employment increased from 333,800 in 1960

to a 1965 annual average total of 403,700.9 These figures are shown with pro-
jected estimates for 1975 in Tables 63 and 64. The percentage distribution of
employment by industry for the same years is shown in Table 65.

The greatest numerical growth since 1950 has been in manufacturing and
this is expected to continue until 1975 and beyond. During the 1965-1975 de-
cade, 60,100 new jobs are anticipated. Well over three-fourths can be expected
in the durable goods section, with almost half of these in the manufacture of
machinery including electrical machinery. Most of the new jobs will be in pro-
duction of light-weight components for which transportation costs are of little
importance. The continuing trend toward miniaturization favors additional ex-
pansion of this industry in Arizona.°

Other areas in which recent developments should result in employment
gains by 1975 are copper products fabrication, airframe manufacturing, food pro-
ducts manufacturing, and the "think-tank" industry developing as research and
development laboratories.

.Mining employment has been affected to a considerable extent by automation,
and this is expected to continue especially in copper mining. A growing demand
for copper products, however, will probably more than offset productivity gains
resulting in steadily higher employment levels through 1975.

When employment by industry is converted to kinds of occupations, the larg-
est numerical increase and the most rapid rate of growth are expected in the pro-
fessional, technical, and managerial group. Nearly half of all workers in the
state will be employed in "white collar" occupations by 1975. The number of
skilled workers will increase, but their proportionate share of total employment
will decrease slightly. Semiskilled workers will also increase, but by a slower
rate even than skilled. Employment of unskilled workers will increase only
slightly. These projections are shown in Table 66.

The demand and supply factors which will determine Arizona's manpower needs
to fit this employment picture have been examined by the State Employment Ser-
vice in its recent publication, Manpower Directions '75. The outlook for 1975 is
shown by occupational groups in Table 67, and is described in the following sum-
mary from the Fmployment Service report:

9Arizona Labor Force Data, op. cit.,

°Man ower Directions 75 e 0 0, p. 16.
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TABLE 63

Employment By Industrial Group

INDUSTRY
EMPLOYMENT

1950' 19654 1975b

Total Employment 238,700 501,800 750,000
Manufacturing 17,000 64,900 125,000
Mining 11,300 15,800 18,000
Contract Construction 12,000 23,000 40,000
Transportation, Communication,

& Public Utilities 18,600 25,000 32,000
Wholesale & Retail Trade 40,300 94,500 140,000
Finance, Insurance, & Real Estate 5,600 21,900 35,000
Services 22,200 66,400 110,000
Government 34,600 92,200 132,000
Agriculture 48,900 36,300 33,000
All Other 28,200 61,800 85,000

'Source: Unemployment Compensation Division, Employment Security Commis-
sion of Arizona.

bsource: Arizona State Employment Service estimates.

TABLE 64

Employment Changes By Industry Group

INDUSTRY

1950-65
PROJECTED
1965-1975

CHANGE IN
NUMBER

EMPLOYED

PERCENTAGE
CHANGE IN

EMPLOYMENT

INCREASE IN
NUMBER

EMPLOYED

PERCENTAGE
INCREASE IN
EMPLOYMENT

Total Employment +263,100 +110.2 +248,200 +49.5
Manufacturing + 47,900 +281.8 + 60100 +92.6
Mining + 4,500 + 39.8 + 2,200 +13.9
Contract

Construction + 11,000 + 91.7 + 17,000 +73.9
Transportation,

Communication,
& Public Utilities + 6,400 + 34.4 + 7,000 +28.0

Wholesale and
Retail Trade + 54,200 +134.5 + 45,500 +48.1

Finance, Insurance,
& Real Estate + 16,300 +291.1 + 13,100 +59.8

Services + 44,200 +199.1 + 43,600 +65.7
Government + 57,600 +166.5 + 39,800 +43.2
Agriculture - 12,600 - 25.8 - 3,300 - 9.1
All Other + 33,600 +119.1 + 23,200 +37.5
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TABLE 65

PERCENTAGE DISTRIBUTION
OF EMPLOYMENT BY INDUSTRY

1950 - 1965*- 1975

INDUSTRY 1950 1965 1975

TOTAL EMPLOYMENT 100% 100% 100%

Manufacturing 7.1 12.9 16.7

Contract Construction 5.0 4.4. 5.3

Mining 4.7 3.1 2.4

Transportation, Communication &
Public Utilities 7.8 5.0 4.3

Wholesale & Retail Trade 16.9 18.8 18.7

Finance, Insurance & Real Estate 2.3 4.4 4.7

Services 9.3 13.2 14.7

Government 14.5 18.4 17.6

Agriculture 20.5 7.2 4.4

All Other 11.8 12.3 11.3

Source: 1950 and 1954 data from Unemployment Compensation Division, Em-

ployment Security Commission of Arizona. 1975 data from the Arizona

State Employment Service Projections.

TABLE 66

ARIZONA'S EMPLOYMENT BY OCCUPATIONAL GROUP

Occupational
Group 1950

Employment
19751965

Total Employment 238,700 501,800 750,000

Professional, Technical & Managerial 47,100 122,400 201,000

Clerical 22,400 72,300 117,000

Sales 16,500 35,600 51,800

Service 25,800 66,200 108,000

Skilled 30,000 70,700 104,200

Semiskilled 33,400 71,700 103,500

Unskilled 14,600 26,600 31,500

Agricultural 48,900 36,300 33,000

Source: Manpower Directions '75, Arizona State Employment Service.
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Total employment in Arizona should reach 750,000 persons during 1975.
This number will include about 440,000 members retained from 1965 employ-
ment. The remainder, about 310,000 openings, will be available for new en-
trance to the Arizona labor force. Present patterns and trends indicate
51,000 of these openings will be filled by trained immigrants. Another
55,000 openings will be filled by persons completing on-job training and
apprenticeship programs. The current levels of output of both public and
private educational institutions will provide 94,000 trained workers. Some
simple arithmetic shows the total number of additional workers is far short
of the 310,000 available openings. The difference is, in fact, a startling
116,500. This means slightly more than one out of every three additional
job openings (38%) will not have trained manpower available.

The quantity of manpower needed to fill the void of 116,500 will be
available. The large number of young people reaching labor force age dur-
ing the decade, supplemented by a number of older persons who do not pre-
sently possess competitive skills represent the raw material. Only the
quality, the skill level, of the 1975 labor force is in doubt. Some prob-
lems are already apparent. For example, a high rate of unemployment now
exists among certain groups of the population while there are serious short-
ages of qualified workers to fill specific available openings. The large
number of persons who will enter the labor force must first receive the
training required by an increasingly complex economy.

The level of additional education and training required of the 1975
labor force is illustrated below on a quantitative basis by separate exam-
ination of demand and supply relationships by occupational groups. In
general, each broad occupational group represents a distinct level of train-
ing need.

The picture of demand and supply to 1975 professional, technical, and
managerial occupations is as follows:

Professional, Technical,
Managerial and Kindred

New Openings Supply Deficit
95,000 54,500 40,500

In other words, there are over two out of every five (43%) of the poten-
tial job openings for which trained manpower will not be available.

In the clerical field the relationship is:
New Openings Supply Deficit

Clerical and Kindred 52,000 33,500 18,500

Or, about one out of three possible openings (36%) will not find trained
manpower available.

The pattern for sales occupations will be:
New Openings Supply Deficit

Sales Occupations 20,800 19,500 1,300

Or, about one out of every 20 (TX) of the new openings face a lack of
trained workers.
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The outlook for service occupations is:
New Openings Supply Deficit

Service Occupations 52,000 29,500 22,500

Or, more than two out of every five (43%) of the prospective openings may
lack trained manpower to fill them.

The supply and demand for skilled workers is expected to look like this:
EILSpenings Supply Deficit

Skilled Occupations 42,200 16,200 26,000

Thus leaving slightly over three out of every five (62%) potential openings
without trained manpower available.

The relationship for semiskilled jobs is:
New Openings

Semiskilled Occupations 38,500
Supply
30,800

Deficit
7,700

Therefore, there are about one out of five (20%) new job openings for which
trained manpower will not be available to take advantage of this opportunity.

Each step taken in the analysis of manpower demand and supply to 1975
makes it increasingly clear that the more serious shortages will be in occu-
pations which require relatively long and complex training. Professional and
technical educational requirements are the most rigorous; however, skilled
craftsmen also require lengthy and exacting training. The length of time
required to prepare for these occupations instills a degree of urgency to the
process of finding solutions which might not otherwise exist.

En ineering, Technical, and Skilled Employment: The availability of in-
dustrial personnel in the next decade appears uncertain. The State Employment
Service has developed anticipated increases in the numbers needed in each field
of engineering, technology and the skilled crafts, shown in Table 68. These are
based largely on straight line projections of earlier figures. In some cases,
such as data processing technology, it is quite possible that a considerably
higher employment level will be reached by 1975 than is projected here. For the
most part, however, these projections may be reasonably reliable. Availability
of personnel to fill these positions will depend on migration of qualified wor-
kers from other states and graduates from Arizona educational institutions. As
competition for these employees increases all over the country, an increasipgly
greater responsibility will fall on the schools to supply the demand.

Employment of engineers is expected to increase by 4,000 in the decade from
1965 to 1975. Heading this growth would be electrical and electronics engineers,
followed by mechanical, civil, industrial, chemical, aeronautical, mining, and
metallurgical in that order. An increase of 3,100 technicians is anticipated,
with electrical and electronics accounting for 850 of these, followed by civil,
mechanical, drafting, chemical, aeronautical, data processing and industrial.
The greatest increase in skilled craftsmen would be in machine tool operators,
followed by machinists, and tool and die makers.
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TABLE 68

ARIZONA MANPOWER DEMAND FOR SELECTED
ENGINEERING, TECHNICAL & SKILLED OCCUPATIONS

1965 - 1975
Change

Occupational Field 1965 1975 1965-75

Engineers, Technical
Engineers, Aeronautical 200 350 150

Engineers, Chemical 300 500 200

Engineers, Civil 1,400 1,700 300

Engineers, Electrical 2,500 3,800 1,300

Engineers, Electronic 1,600 2,300 700

Engineers, Industrial 600 800 200

Engineers, Mechanical 1,300 2,000 700

Engineers, Metallurgical 100 150 50

Engineers, Mining 250 400 150

Other Engineers, Technical 450 700 250

TOTALS 8,700 12,700 4,000

Technicians
Aeronautical 450 700 250

Chemical 200 100 100

Civil 1,450 1,900 450

Data Processing 400 650 250

Drafting 750 1,100 350

Electrical 800 1,300 500

Electronic 1,400 1,750 350

Industrial 300 450 150

Mechanical 650 1,000 350

Other 250 400 150

TOTALS 6,650 9,350 2,600

Skilled Craftsmen
Airplane Mechanic 1,500 1,700 200

Machine Tool Operator, Skilled 2,000 3,500 1,500

Machinists 1,500 2,000 500

Tool and Die Makers 650 800 150

5,650 8,000 2,350

Graduates Needed from Arizona Schools: It is virtually impossible to esti-

mate the number of graduates needed from the schools of this or any other single

state in future years. There are three very good reasons for the difficulty: (1)

Industry does not know its future needs; these depend on the condition of the

economy, continued technological developments, national and international poli-

tics, the quantity and quality of manpower available and various other factors

which industry cannot control. (2) Graduates enter a national labor market ra-

ther than the labor market of their own respective states, go into the armed ser-

vices, go on to graduate school, or change occupations. (3) The need to pro-

duce any particular number of graduates even for the national labor market is not

based entirely on demand; demand has greatly exceeded the supply in engineering,

technology, and the skilled industrial crafts for nearly two decades and except
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for temporary dislocations for the entire period of modern industrial development.

The number of graduates the schools in Arizona should attempt to produce in the

next decade, therefore, depends oyl the share of the national effort they aro will-

ing to assume, the number of students available, and the economic or other advan-

tages the state wants to receive.

At the very least, an increasing number of persons should be avail4le

each year corresponding to the present ratio of graduates to manbower demand.

In 1967, Arizona institutions graduated 599 engineers and 280 technicians in oc-

cupational fields for which the State Employment Service has developed manpower

demand figures. These were ratios of 63 engineering graduates to each 1,000 en-

gineers in demand and 39 technology graduates to each 1,000 technicians in demand.

If Arizona institutions do nothing more in the next eight years than maintain these

ratios, the 1975 graduation requirements will be 800 engineers and 365 technicians.

This would represent an increase of about one-third, roughly the same as the es-

timated population growth of the state in the same period. An academic output at

this level would be a holding action only with no contribution to the nation's

short supply and no assistance to Arizona's industrial growth.

There are compelling reasons for Arizona schools to establish higher

levels of academic output than this. The national imbalance between demand and

supply is an increasing threat to industrial growth. The National Science Foun-

dation's study of scientists, engineers, and technicians in the 1960's shows a

67% increase in demand for engineers and technicians from 1960 to 1970.12 This

is a realistic projection based on the ratio of engineers to total employment

for each sector of the civilian economy in the base year 1960 and all previous

years for which data were available. The trend in this ratio was projected to

1970 and applied to independent projections of employment. Technicians projec-

tions were based on trends in ratios of technicians to scientists and engineers.

Added to the employment increase figures are losses due to death, retirement,

and transfer. Projections of losses are based on past experience and age levels

in each occupation and each sector of the economy.

Compared with an annual average demand of 71,700 engineers, the NSF study

shows a net annual supply of only 45,100. This isillased on an annual average pro-

jection of 34,700 bachelor degrees in engineering," of which 85% or 29,500 are ex-

pected to enter engineering. The remai4ing 15% go into other fields or become

unemployable for a variety of reasons. An additional 7,300 persons annually

openings.

11Manpower demand is the number of persons employed plus unfilled job

12NSF, op. cit., 63-34, p. 8.

13Two parallel studies by the Engineering Manpower Commission projected

annual bachelor degree figures at 37,000 and 36,000. Ibid., p. 22. Experience

in the first seven years of the decade would tend to support the NSF projection

of approximately 35,000.

14Idem.
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enter engineering with non-engineering degrees, and 10,500 do so without degrees

according to the NSF study:15

The supply of technicians cannot be estimated as easily as engireers be-

cause sufficient quantitative information is not available. However, the NSF

study observed that in recent years the available supply of well-trained techni-

cians also appears to have fallen short of meeting the demand for these worqrs

and this situation is expected to continue through the decade of the 1960s.

The 1967-68 Technician Education Yearbook estimates an annual average demand for

additional technicians from 1963 to 1975 of 86,000, and a supply of 69,000. Con-

sidering the increasing use of technicians in industry, and greater dependence

of employers on local supply of technicians than of engineers, it would seem

that the number of technology graduates should be increased to at least equal

engineering graduates.
17

The number of both to be graduated from Arizona schools should pro-

bably be increased substantially by 1975. Simply to close the gap between de-

mand and supply would require nearly doubling the annual output. Additional

graduates are needed to reduce an accumulated backlog of more than a decade. And

since the rate of Arizona's economic growth is at least twice the national rate,

even more graduates should be supplied by our own schools. This is especially

true since an important part of Arizona's growth depends on an increasing supply

of engineering and technical personnel readily available. The numbers of Arizona

graduates needed annually by 1975 on the basis of these factors are shown at

three levels in Table 69. The first is the minimum effort required to maintain

present ratios to demand. The second includes Arizona's share of the national ef-

fort to eliminate current annual deficits in engineering degrees and technology

graduates equal to the number of engineering graduates. The third is what may

be required to support continued economic expansion at the rate of the past two

decades.

The number of skilled craftsmen produced through industrial arts and

vocational education programs in the high schools must also be substantially in-

creased. Graduation figures are comparatively meaningless in these occupations

since entry to employment does not require graduation in a specific program.

Students who acquire machine skills in high school industrial arts courses, for

example, may graduate from general education or college preparatory programs.

In order to arrive at figures suggesting annual output from the schools of Ariz-

ona in the skilled crafts, present manpower demand was used as a base. A na-

tional attrition rate of 187 annually was applied, plus an annual growth rate

of 5%, to give the number of new personnel required to maintain the present

ratio of craftsmen to demand. These are the figures in the first column in

Table 69. Figures in the second and third columns are developed in the same way

as for engineers and technicians.

5 Ibid., pp. 24-26.

16
Ibid., p. 30.

17,
'Technician Manpower," Technician Education Yearbook 1967-1968, from

a 1966 study by the Bureau of Labor Statistics for the National Science Foundation

entitled "Technician Manpower: Requirements, Resources, and Training Needs" (Ann

Arbor, Michigan: Prakken Publications, Inc., 1968), p. 113.
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TABLE 69

ARIZONA GRADUATES NEEDED ANNUALLY 1967 - 1975

1967

OCCUPATIONAL FIELD GRADUATES

MINIMUM
REQUIRED

1975 1

TO BALANCE
DEMAND AND

- SUPPLY 19752

TO SUPPORT
INDUSTRIAL

EXPANSION 197 3

Ensineore
Aerospace 82 43 86 129

Chemical 27 36 72 108

Civil 96 128 256 384

Electrical 70 91 182 273

Electronic 101 135 270 405

Geological 10 13 26 39

Industrial 76 101 202 303

Mechanical 99 132 264 396

Metallurgical 9 .12 24 36

Mining 12 16 32 48

NUclear 6 8 16 32

General 61 85 170 255

TOTAL ENGINEERS

echnicians

599 800 1,600 2,400

Aeronautical 15 111 222 333

Chemical 63 126 189

Civil 2 24 48 72

Data Processing 35 119 288 357

Drafting 114 79 158 237

Electrical 17 48 96 144

Electronics 62 111 222 333

Geological 31 62 93

Industrial 3 80 160 240

Mechanical 2 95 190 285

Metallurgical 39 78 117

NUcloar
Other 30

TOTAL TECHNICIANS 280 800 1,600 T,415-0

Skilled Craftsmen
Ezp.rimental Machinists 136 272 408

Instrument Makers 145 290 435
Instrumentmen 127 254 381

Layout Men 127 254 381

Machine Set-up Men 60 120 180

Machine Repairmen 136 272 408

Tool and Die Makers 119 238 357

TOTAL SKILLED CRAFTSMEN 850 1,700 2,550

'Engineers: Present ratio of engineers to manpower demand projected to 1975 manpower demand.
Technicians: Total equal to engineers. Distributed by occupation according to percentage of

employer opinion expressed in the survey of Arizona industry supporting expanded
enrollments and additional educational programs.

Skilled Craftsmen: Annual attrition rate of 97. (half of national average for skilled crafts),
plus annual growth rate for Arizona of 5%, of total 1967 employment reported by
State Employment Service. Distributed by occupation according to percentage of
employer opinion expressed in the urvey of Arizona industry supporting expanded
enrollments and additional educational programs. NOTE: Half of the annual at-
trition rate was used rather than the full rate to allow for automation and
some immigration.

2Supply equals approximately half of demand nationally in engineering and technology. The
same assumption is made for the skilled crafts. This column is therefore
double the preceding column.

3The economic growth rate in Arizona is approximately twice that of the U. S. as a whole. This
column adds an increment equivalent to the minimum required to permit continued
growth. Also recognized here is the existence of a national backlog in all oc-
cupations from at least a decade of annual deficits.

It is recognized that the ratios of technicians and skilled craftsmen to engineers projected
here may not be those that will actually prevail in 1975. These are rough estimates only.
The ratios of technicians probably will be higher, and the ratio of skilled craftsmen may
be lower.
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The universities and junior colleges have shown willingness to assume

their full share of responsibility in reaching the highest level of output re-

quired. Industry has expressed overwhelming support for adding programs and ex-

panding enrnllments, and to the extent this is recognized as a necessary factor

in the state's economic growth it probably reflects general support. The remain-

ing requirement is to bring more students into programs that are offered. The

NSF study emphasizes a need nationally to do this, and also suggests that colleges

and universities "examine carefully the problem of reducing student attrition due

to scholastic failure, particularly where students are originally selected from

the top third or even tenth of high school graduating classes. A better under-

standing of the whole process of selection and admission, including preparation

and motivation at the high school level and earlier, is necessary if high-talent

manpower is to be effectively guided through the nation's educational system."8

To the extent these and other measures are successful in graduating substantially

greater numbers of engineers, technicians, and skilled craftsmen each year, the

remarkable grawth of Arizona's industrial economy may be sustained.

8NSF, op. cit., p. 31.



CHAPTER VIII

EDUCATIONAL CHANGES AND TRENDS

Research and Related Literature

In the preceding chapters a number of problems in engineering and techno-

ogy education have been identified and discussed. Research is already underway

on a widening front seeking solutions or new approaches to many of these problems.

ome of it is basic research in such areas as occupational analysis, learning,

theory and practices, attitudes and motivation, instructional techniques, curri-

culum development, and program organization. Increasing activity is also taking
lace in applied research, experimentation, and probing new ideas, some of it

ell designed, some of it simply trial and error. A few good professional stu-

dies have been made in which educators, engineers, industrial management person-

el, and experts in many fields have joined in proposing changes and developing

the rationale upon which they are based. The views of leading authorities on
education and manpower requirements are contained in various conference reports,

articles, and other publications.

Thus a growing body of literature is available in which some of the changes

and trends affecting the education of engineers, technicians, and skilled crafts-

men are suggested. The Government Printing Office has published many of these

materials originating in the Department of Labor, the U. S. Office of Education,

the National Science Foundation, and other agencies. Various universities and

professional associations are responsible for others. They are widely scattered

and often unrelated, but recently guides to their location have begun to appear.

The professional journals report works by educators and other scholars. The

Center for Vocational and Technical Education at Ohio State University and the
Industrial Relations Research Institute at the University of Wisconsin have both

collected and distributed bibliographical guides. The Review and Synthesis of

Research in Technical Education by the Ohio State Center is particularly valu-

able.1 The Educational Resources Information Center known as ERIC, which the

U. S. Office of Education has establishe4 is also becoming increasingly useful.

The publications of the American Society for Engineering Education represent a

significant point of view as well as a considerable amount of data.

Materials from these and other sources are presented in this chapter to give

educators, industry, and the public an idea of some of the principal directions

in which they may be moving. It is not an exhaustive review of the literature
available, but only of that which seems particularly relevant to the issues raised

in the present study. Viewpoints and conclusions, of course, are subject to chal-

lenge and criticism, but, they are fairly representative of current knowledge

available and opinion based on that knowledge.

1Milton E. Larson, Review and synthesil_in Technical Education, (The Center

for Research and Leadership Development in Vocational and Technical Education,

The Ohio State University, Columbus, Ohio, August, 1966).
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Student and Faculty Shortages

At the rate industry is growing and technology is advancing, the number of

youth selecting industrial careers appears too small. A national survey of tech-

nical needs by industry was made in 1966 at Northern Illinois University by Eck-

hart A. Jacobson. Using a sample of 11,000 companies in six major geographical

areas, data were gathered on employment needs and educational requirements.

Jacobson concluded from the data that the need for technicians would increase ap-

proximately 507 by 1971, and at least one-fifth of these would require baccalaur-

eate degrees. Over 40% of the technicians needed will be in the area of elec-

trical and electronics technology. About 30% will be in mechanical technology,

and 107 in metals, chemicals, and similar technologies. Jacobson also noted that

the number of technicians employed from educational institutions was much lower

than the number employers say they would like to have.2

Jacobson's figures support an earlier study by the National Science Founda-

tion in which the national need for technicians in industry is expected to exceed

1,290,009 by 1970. This is a 67% increase in the number of technicians employed

in 1960. The NSF study estimates that, allowing for retirement and new demand,

almost 70,000 technicians will have to be educated each year to meet the 1970

demand.4 Manpower experts say it is doubtful that the current rate of production

by institutions now turning out such technicians, including the armed forces, will

produce more than 35,000 or 40,000 technicians a yeF.5 The need for new engin-

eers is expected to exceed 70,000 per year by 1970.° An annual graduation of ap-

proximately half of this number has been the output of the nation's colleges and

universities for the past decade.

In a paper presented at the Annual Conference of the American Technical Edu-

cation Association in 1966, George Whitney pointed out that "there are just so

many people born with the ability to become good technicians," and "there is

only a limited number of people who want to become technicians no matter what

inducements they may be offered."7 He believes the demand by industry cannot be

met under the existing philosophy of educating the best students and eliminating

2Eckhart A. Jacobson, A Survey_of the Technical Needs of Industry and Im-

plications for Curriculum Development in Higher Education, (Northern Illinois

University, 1966), pp. 199-200.

3National Science Foundation, Scientists, Engineers and Technicians in

the 1960's, Requirements and Supply, (National Science Foundation, 63-34, 1963),

p. 10.

4Ibid., p. 16.

5Howard A. Matthews, "A Paper Prepared for Consideration at the Mountain

States Manpower Advisory Committe Meeting," Phoenix, Arizona, January 20, 1967.

6
NSF, Scientists ., p. 16.

7
George S. Whitney, Challenges of the 70's, presented at the Annual Confer-

ence of the American Technical Education Association, December, 1966. (Whitney is

Chairman of the Engineering Technologies Division of the State University of New

York Agricultural and Technical College, Alfred, New York.
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the rest. He suggests that it may be necessary for the schools to re-examine
their administrative practices, admission policies, and attrition procedures
with the object of providing a greater number of technical students with some
training rather than a limited number with ideal training. "Educational insti-
tutions cannot be expected to make capable technicians out of everyone who ap-
plies - but they must find better ways of selecting prospective sutdentS and
developing new methods of teaching that keeps utilizing loss and less.promising
applicants."8

Increasing consideration is being given by many educators to an earlier
beginning of the whole selection process through which students develop'an
awareness of the world of technology and an interest in technical education.
One of the leading expon'ents of this is Jacob J. Kaufman, Director of the
Institute for Research on Human Resources at Pennsylvania State University.
Kaufman believes the problem lies in the early years of schooling and "if we
would approach it there we might solve the problem of what to do in the secon-
dary school and even of developing education for occupational needs."9

Others feel that, even at grades four or five, children could be given
some of the elementary principles and content of various occupations, provid-
ing an insight into what they are about. Niel W. Chamberlin, professor of
economics at Yale, sees this as an integral part of general education rather
than merely an earlier introduction to the work of work, with cultural bene-
fits as well as economic:

We are all aware of the naivete of many of our students with respect
to the actual world of economic activities around them. If somehow
we could make that world the base on which they build their education,
this could be occupational orientation of a very high order indeed.

There is no reason to believe that by incorporating this kind
of occupational component into our educational mainstream we're likely
to short-circuit the cultural activities. The more that we can deve-
lop the intellectual vigor of an individual, the more likely that this
vigor will sRill over into all areas, rather than be confined to any
single one.lu

The problem of students dropping out of engineering and technical programs
after enrolling has bothered educators and industry alike. Both would prefer
to see them remain in school until a proper foundation for successful employ-
ment has been established. If the attrition rate could be reduced, particularly
in the case of students going completely out of the program, the number of en-
gineers and technicians going into industry would be increased. The opinion
of students who have not dropped out was surveyed in this study. The opinion
of students who do drop out is more significant, and this was examined in a

8Ibid., p. 6.

9Jacob J. Kaufman, et al., "Occupational Data Requirements for Education
Planning," The Journal of Human Resources, (Vol. I, No. 1, Summer, L966), p. 65.

1
()Ibid., pp. 60-61.
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doctoral dissertation in 1966 at Oklahoma State University by Aaron J. Miller.
He found that more than one-fourth of those who transferred to another program
did so because they felt they would gain more prestige and satisfaction. Other

reasons given were loss of interest, work different than anticipated, lack of

success in course work, and selection of another career with greater financial

potentia1.11 Miller also found, however, that the dropout scored significantly
lower on both achievement and motivation tests than those who stayed in the pro-

gram.12

Compounding the problem of insufficient numbers of students in engineering
and technology is the likelihood of an increasing shortage of teachers. The

National Science Foundation published a report in May, 1967, indicating a need
by colleges and universities for nearly double the number of scientists and en-
gineers on a full-time equivalent basis in the ten-year period, 1965-75. Nor-

mal attrition added to this poses a problem that has no ideal solution. The
demand for doctorates will greatly exceed the probable supply in the 1960s. By

the early 1970s the situation is expected to improve, but "the proportion of
science staff holding the doctorate degree will decline for several years after

1965, and even at the end of the decade, will not be as high as the 1965 ratio."13

A realistic appraisal of this situation simply means that the effort to
meet industry's requirements for skilled manpower will have to be greater, more
ingenious, more efficient, and more competitive than this segment of education
has been in the past. Its effects on the schools was emphasized by Dr. Daniel
E. Noble, Vice Chairman of the Board of Motorola, in a recent address:

To develop an industrial economy oriented to engineering and science,
Arizona needs to spend more money strengthening its universities in these
areas A continuing supply of superior people, with superior train-
ing, is essential to the health of the modern, scientifically oriented

corporation. . . . We must look to the universities to supply adequately
trained engineers to work in our plants . . . to supply study programs
which will enable us to update and upgrade the capabilities of our en-
gineers. . It is a simple economic fact that only through the con-
stant upgrading of our engineering and scientific capabilities, can we
maintain a superior, competitive position in the country and guarantee
stable employment for our Arizona personnel If the State of
Arizona is serious about the development of an acceptable environment
for scientifically oriented industries, something should be done im-
mediately to bring the faculty salaries to a coRetitive level with
those of other institutions across the country.

11
Aaron J. Miller, "A Study of Engineering and Technical Institute Fresh-

man Enrollers and Dropouts in Terms of Selected Intellective and Non-intellec-

tive Factors," (Doctoral Dissertation, Oklahoma State University, May, 1960),

p. 62.

12Ibid., pp. 71-77.

13The Prospective Manpower Situation for Science and Engineering Staff in
Universities and Colleges, 1965-75, (National Science Foundation, Washington, U.S.

Government Printing Office, May, 1967), p. vii.

4The Phoenix Gazette, June 30, 1967.
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Basic Engineering Education

At all levels of education for industry the most noticeable trend is to
prepare students for groups of related occupations rather than single entry jobs
This is, of course, an essential feature of the recommendations for engineering
education by the ASEE Goals Committee. In its study of goals of engineering
education, the Committee made an exhaustive effort to gather information. Ma-
terials and opinions were furnished by engineering college faculties, profes-
sional engineering societies, industrial and government organizations, and
practicing engineers. Nearly 400 published and unpublished reports were stu-
died. Dr. Archie Higdon, on a 16-month leave from the Air Force Academy,
joined the Goals Staff to visit 169 accredited schools, 10 non-accredited
schools and several other engineering organizations. A nation-wide "Survey
of Engineering Graduates in Industry and Government" was conducted. Three
questionnaires were used, one of which went to 4,000 practicing engineers in
150 organizations throughout the country, selected through careful sampling
techniques to be as completely representative of the profession as possible.
It contained 28 pages of questions, and 85% of the engineers who had been se,
lected in.tke saFple responddd. The second questionnaire went to personnel
departments, and the third to top managers responsible for long-range manpower
planning.

A special "Survey of Industrial Members of ASEE" was added to the indus-
trial-government imput. The graduate phase of the project conducted an addi-
tional special survey of faculty, doctoral students, and research in graduate
institutions. A detailed study of four sample schools was made in order to in-
vestigate the factors contributing to the growth and development of a graduate
school. Educational institutions, professional societies, and industrial and
governmental organizations were invited to establish undergraduate, graduate or
combined study committees to work closely with the Goals Staff. Institutional
Study Committees were organized to *emulate some of the ultimate pals of en-
gineering education and to comment on current issues and problems. J

The Goals Committee describes these emerging patterns of engineering
education:"(1) Four-year programs in engineering leading to a bachelor's degree
followed by graduate programs leading to a master's degree. (2) Five-year pro-
grams in engineering leading to a bachelor's degree that may or may not be fol-
lowed by graduate work. (3) Five-or-more-year programs in engineering leading
to a master's degree in engineering or in a specialized branch of engineering.
A bachelor's degree may or may not be awarded at the end of the first four years
of this program. This program as well as the previous one is intended primarily
for those who intend to practice engineering ay a professional level. (4) Four-
year programs leading to a bachelor's degree not necessarily in engineering to
be followed by an engineering program, probably of two or more years duration,
leading to a master's degree or a higher degree in engineering. Persons have
entered the profession of engineering by way of the liberal arts route. Future
popularity of this practice is uncertain, but it should be encourages. (5)

Four-year programs leading to a bachelor's degree in engineering not necessarily
followed by graduate work. There are many engineers who feel that this program

15
ASEE, Goals of Engineering Eeucation.Final Report, Jounral of Engineering

Lducation, Vol. 58, No. 5 (January, 1968), pp. 432-33.
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16
is still satisfactory for many who properly call themselves engineers."

The Goals Committee Report says there is little doubt that "during the next

decade we will witness a rapidly developing consensus that the mastWs degree
should be considered the basic professional degree in engineering." The under-
graduate program is expected to be increasingly broad, and even at the master'll.

level combinations of fields as well as traditional fields will be emphasized.'
Many of the present programs, the Committee feels, are too rigid, tending to

delay modernization and discourage experimentation. The Interim Report of the

Goals Committee recommends: (1) Existing programs should be made more flexible;

(2) Expanded opportunities should be provided for interdisciplinary study; (3)

Credit hour requirements should be reduced; (4) Many prerequisite courses should

not be required; (5) More provision should be made for "transfer-in" to engin-

eering; and (6) The role of cooperative education -- the actual practice of en-

gineering periodically interwoven with classroom and laboratory instruction --

should be expanded.19 Diversity rather than uniformity of educational institu-
tions and their programs is recommended. The most important recommendation of

the Goals Committee is that "during the next decade basic engineering education
be extended to include at least one year of graduate level education leading to

the master's degree."20

The arguments voiced by several engineering societies against a national

policy of this kind present another side of the picture, and their criticisms

of the Goals Committee's Preliminary Report throw additional light on the state

of engineering education today. Civil Engineers took particular exception to

the nondesignated degree -- the Goals Committee's recommendation that degrees

in engineering should replace degrees in particular kinds of engineering. "In

view of the loyalty of the individuals to specific engineering disciplines, the
Committee on Engineering Education (ASCE) recommends that the degree designa-

tion according to disciplines of engineering be retained."21 A basic problem

in engineering education was raised by the Civil Engineers in their concluding

statement:

While formal education is an important part of engineering education,
it covers only a short period of time and can be little more than a base

on which to build. Too often changes are made in the formal education
curriculum with the idea that they will change the entire profession of

engineering. Such logic borders on the ridiculous. It is imperative
that the engineering profession examine the entire engineering educa-

tional system rather than just the formal educational portion. When

16
Ibid., p. 391-92.

17
Ibid., p. 376.

18
Ibid., p. 390.

19
Ibid., p. 390-91.

p. 386.

21
Civil Engineering, p. 87.
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engineering faces the entire education problem it will truly be examining
the Goals of Engineering Education.22

The American Society of Mechanical Engineers objected to the five-year pro-
.

posal particularly for engineers who are going into production, maintenance, opera-
tions, and sales. ASME pointed out that, according to the Engineering Manpower
Commission, these are the employment areas occupying 2/3 of the nation's engin-
eering labor force today and probany will continue to occupy at least 1/2 dur-
ing the next ten to fifteen years. The Mechanical Engineers felt the Goals
Committee recommendations were directed "toward serving the areas of rapidly
moving technology where government research money is available, while disregard-
ing the needs of mature technology which will employ the bulk of our graduates
of the next decade."24

ASME then made some specific recommendations of its own. They touch on
problems in engineering education today that concern many educators and employers
alike.

1. Stimulate the improvement of grade school and high school educa-
tion in the areas of rhetoric, composition, and graphics to the same de-
gree that has been accomplished in the areas of chemistry, physics, and
mathematics.

2. Continue to upgrade the quality and knowledge of the entering
college student by stimulating the improvement of primary and secondary
education so that the undergraduate educational process can proceed on
a broader spectrum and at a higher level.

3. Promote the cooperation of universities, industry, and govern-
ment, in encouraging competent, practicing engineers to participate
directly in academic instruction, and in furnishing industrially inex-
perienced teachers with significant commercially oriented experience.

4. Inject a strong spirit of reality into the educational process
by broadly utilizing techniques found successful in other areas of educa-
tion -- such as case studies.

5. Extend part-time graduate programs of high quality for the
practicing engineer and stimulate all universities to accept responsi-
bility for their support.

6. Experiment with all aspects and levels of the engineering educa-
tion process to enhance its effectiveness, to increase its content, to
widen its availability, and to interest and stimulate the student.

22Idem.

23
Mechanical Engineering, p. 34.

24
Idem.
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Regardless of opposition, the trend toward five-year degrees and general educe-
cion appears evident.

In 1965 there were 177 U.S. educational institutions with accredited pro-
grams in engineering. Twenty-five of these institutions had five-year programs
leading to a first degree in some field of engineering. In 1966 Cornell Univer-
sity adopted the five-year plan in a statement which follows somewhat the con-
troversial recommendations of the Goals Committee: ". . . the first Cornell de-
gree with an engineering designation is the Master of Engineering degree awarded
after a five-year integrated study program in traditional fields."25 A 1965
Engineering Master Plan Study at the University of California accepted the five-
year p-ogram in these words:

The University should, as rapidly as the transition can be ef-
fected, establish the master degree as its first professional degree in en-
gineering, and educate students to this level as its principal contribution
to the work force . The University should continue to offer undergrad-
uate engineering instruction leading to the Bachelor of Science degree on
some campuses. However, the upper division programs and the junior admis-
sion requirements should be planned on the assumption that students will
proceed directly to the master degree. . . .Undergraduate students should
be guided by a broadly outlined engineering curriculum evolved by the en-
gineering faculty of the campus and directed toward the master degree. The
BS degree should be awarded when the student has completed 4 full years of
academic work directed toward achievement of the master degree is a 5-year
program.26

The California study was a substantial undertaking. An advisory council
of 21 engineers representing major industrial corporations and educational in-
stitutions was responsible for the study, which was directed by a five-member
steering committee assisted by eight faculty consultants. Seven task groups
were appointed with industrial and faculty members on each, bringing to approxi-
mately 75 the number of persons engaged in the study.

One and one-half years were spent in gathering information, analysis, and
writing the report, which was published in September, 1965. Fifty-seven recom-
mendations were made, chiefly emphasizing graduate degrees in engineering and
greater flexibility in the curriculum. One of the recommendations specified
that "upper-division students should be allowed to compose and propose major
individual curricular modifications to enable them to direct their study to-
ward engineering master degrees by combining engineering with other related
fields. 1127 Part of the rationale for this recommendation is that en-
gineers need to be prepared for a very broad range of positions, and "it is

25
Engineering: Cornell Quarterly (Cornell University, Spring, 1966),

Vol. I, No. 1.

26
University of California Engineering Advisory Council, An Engineering

Master Plan Study for the University of California, (Los Angeles: UCEAC, Sep-
tember, 1965), pp. 81-2.

2
7Ibid., p. 5.

1
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not feasible to know now the state of technical knowledge and human needs 10 to
20 years after graduation from college."28

The Cluster Conce t in Technology Education

Paralleling the interest in general engineering education is the cluster
concept in technology education. This is an attempt to identify the common
elements in several similar technologies and develop educational programs
around these rather than the specific requirements of a single technical field.
Some major research projects have been completed and others are under way in
designing curricula for clusters of technical occupations. William Schill and
Joseph Arnold combined a doctoral dissertation with a research grant from the
U. S. Office of Education to produce the common and peripheral courses in a
cluster of six technologies at the University of Illinois in 1965.29 A major
project has been under way at the University of Maryland since 1965 developing
a series of curricula for occupational clusters.30

Neven Frants, reporting on the Maryland project at a recent research con-
ference, described it as middle ground between two extremes. One is to prepare
students for highly-skilled employment in a specific occupation, the other to
provide broad programs of general training for a wide variety of occupations.
The cluster concept, he said, "will prepare a person to enter a family of oc-
cupations rather than a specific occupation. The program will not prove any
single occupation in depth, but will instead provide job entry skills and know-
ledge common to a number of related occupations."31 He gives four major rea-
sons for developing the cluster concept based on a review and analysis of lit-
erature in the areas of education, labor, economics, and industry. They are,
first, "a need to provide students with a greater degree of mobility on a geo-
graphical basis," second, "a need for increased mobility within an industry or
occupation," third, "students must be trained so that they can adapt to techno-
logical change," and fourth, "students must be given greater flexibility in
their occupational choice patterns."32

28Ibid., p. 79.

29Schill and Arnold, op. cit.

30An Investigation and Development of the Cluster Concept as a Program In
Vocational Education at the Secondary School Level, Third Quarterly Report of a
Study Oonducted by the Industrial Education Department, (College Park: Univer-
sity.of Maryland, 1965-66).

31
Nevin R. Frantz, Jr., "The Cluster Concept as a Program in Vocational

Education at the Secondary School Level," Research in Vocational and Technical
Education, Proceedings of a Conference June 10-11, 1966, The University of Wis-
consin Center for Studies in Vocational and Technical Education (Madison, 1967),
p. 83.

p. 85.
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Another job cluster research project in electronics technology was carried
out at Washington State University. A statistical sample of 224 electronics
technicians from 549 firms in the Puget Sound area were asked to complete a de-
tailed queationnaire on knowledge and skills they used on their jobs. Eighty-
four specific kinds of knowledge and skill were identified with six out of eight
principal tasks performed, and a larger list was identified with three to five
of the tasks.33

N. H. Frank, Professor of Physics at Massachusetts Institute of Technology,
suggests that the many components of technical education should be regrouped
"using functional operations and processes to provide the guidelines for dif-
ferent curricula instead of organizing them as is presently done according to
common techniques." In other words, prepare students to function in "a group
of operations all of which have a broad common theme, . . ."34 He suggests
educational programs in: (1) Energy conversion systems and operations; (2) Com-
munications systems and operations; (3) Transportation systems; (4) Materials
processing and fabrications.systems; and (5) Operations and processes concerned
with living organisms. Frank observes that "it is virtually impossible to sat-
isfy in any detail the multiplicity of skills and understanding needed by all
industry." He feels that commonality of technical assets would provide "cross-
over potential from one kind of employment to another, and this ease of trans-
ferability should be effective both laterally and vertically."

This idea was based on a 1965 M.I.T. Summer Study on Occupational, Voca-
tional and Technical Education. Another suggestion from the same study was
that technical educators enter into cooperative arrangements with engineering
educators to establish goal-oriented projects in which "teams of student en-
gineers and student technicians could work together, much as they have to do
in practice."5

The cluster concept has been a subject of major interest in virtually
every conference and meeting on vocational education in recent years. The
U. S. Office of Education sponsored three regional conferences on education,
training, and employment in 1966 which were conducted by the Research Council
of the Great Cities Program for School Improvement. The participants were re-
presentatives of management, labor, business, education, local, state and
federal government agencies, and various community groups. Several statements
taken from the first of these, the Eastern Regional Conference, reflect posi-
tions frequently expressed at all of them:

33Boyd C. Mills and Harold F. Rahmlow, Major Task and Knowledge Clusters
0

Involved in Performance of Electronic Technician's Work, Washington State Uni-
versity, 1966 (ERIC Document 016 655), pp. 20-28.

34N. H. Frank, "Changing Requirements for Technical Education," Address
at the Annual Meeting of the American Technical Education Association, (Denver,
Colorado, December 6, 1966).

35Idem.



"As technical training increases, a person is much better off getting a
generalized background to go from one job to another readily . . . including
the three factors - communication, problem solving, and personel responsibility
with overtones of work experience which he could attain within his work exper-
ience.

"If we don't educate people to recognize that the job they are doing is
going to be changing throughout their career several times, then I think we're
not doing the necessary education.

"No training should be given unless there is within this training the ele-
ments which provide for job upgrading.

"The concept of occupational clusters is nothing new, but we're just be-
ginning to open our eyes to the lower levels of preparation. We are not as
familiar with this kind of curriculum, and we don't know much about the required
methodology."38

The extent to which efforts are now underway to develop the methodology
of job cluster training at the vocational level is indicated in the Ohio State
Center's Review and Synthesis of Research in Trade and Industrial Education.
The authors report that "primary among the objectives which recent research has
identified for vocational T & I curricula is that it provides the student with
skills which are transferable from one situation to another."37 They list a
number of recent projects, with this additional comment:

The cluster approach appears to be a necessary and fruitful approach to
curriculum development. As the number of occupational titles increases
(and changes), it will be incumbent upon curriculum developers in voca-
tional education to build curricula that provide for the possibilities of
skill transfer. An analytic approach such as those described will be re-
quired. This is an area which requires more effort. Schemes such as
those described must be tested on a developmental and pilot basis to
evaluate their efficacy and produce refinements in their structure. While
the literature abounds with descriptive statements of content-specific
curricula that have been built and tried, only few attempts at the struc-
tural approach appear. This area cries out for systematic explora-
tion."3°

38Eastern Regional Conference on Education, Training and Employment, May
12, 13, 14, 1966, The Research Council of the Great Cities' Program for School
Improvement (Chicago, 1966), pp. 27-34.

37Bruce W. Tuckman and Carl J. Shaefer, Review and Synthesis of Research
in Trade and Industrial Education (Columbus: The Center for Research and Leader-
ship Development in Vocational and Technical Education, Ohio State University,
August, 1966), p. 8.

38Ibid., p. 11.
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Core Curricula

With the job cluster concept there is usually a core curricula serving
several related educational programs. This is an old idea in education when
applied to occupations with more than one field of specialization. Engineer-
ing schoolsrely extensively on a core curriculum, as do most professional
schools. There are two current developments in engineering and technology edu-
cation, however, which should be noted. One is the revision and updating of
core curricula to better meet the needs of students preparing for advancing
technology in modern industry. Benjamin Mesick in the Mechanical Engineering
Department at the University of Arizona discusses one approach to this in a
1965 article, which is simply a re-examination of the need for each of the sub-
ject areas in the engineering core. He concludes that "the engineering student
must be given a wider background in a common core curriculum, . . .39 This is
essentially what the University of California's study recommends, and in a
sense it changes the traditional concept of a core of standardized courses
taught the same way and covering the same basic material year after year to one
of greater flexibility.

The other development in engineering and technical core curricula is to
develop specific combinations of courses and subject matter for definite clus-
ters of occupations. This is what Schill and Arnold did for the six technical
areas of electronics, electro-chemical, chemical, chemical-mechanical, mechan-
ical, and electro-mechanical. They developed a core of thirteen knowledge and
skill requirements common to all six areas, and additional requirements for
smaller combinations of the areas."

A variation of the core curriculum for a definite cluster of occupations
is a core for a single occupation in a variety of schools. Variations in the
content of occupational training programs from one school to another are some-
times so great that employers have no way of knowing the actual knowledge and
skill a graduate is supposed to have. The University of California at Los
Angeles developed a core curriculum for aviation mechanics through a nation-
wide study in which every critical knowledge and skill required for all types
of aircraft were identified.41

Broadening the Curriculum

Pressure to enlarge the curricula in engineering and technical education
comes from two directions: more technical knowledge is needed to keep up with

39
Benjamin S. Messick, "Tomorrow's Engineer," The Tool and Manufactur-

ing Engineer, (May, 1965), p. 41.

4%chill and Arnold, op. cit., p. 83.

41Davis Allen, John M. Meyer, Alvin Gorenbein; and William K. Bowers,
A National Study of the Aviation Mechanics Occupation (Los Angeles: University
of California, 1966).



industry; and more general knowledge is needed because occupational success to
a considerable extent depends on it. New kinds of technical competence are ap-
pearing at every level of industry. The impact of computers alone will be felt

in a majority of industrial occupations.42 Numerical control and computergraphicss
together with computer technology, will almost certainly create whole areas of
new knowledge and skills to be added to educational programs.43 A single exam-

ple is the estimate by the Bureau of Labor Statistics that numerical control re-
quires additional training for more than 50,000 persons in a four-year period.44

The need to increase general education is almost equally apparent. In the
engineering degree programs efforts to include more communications, social stu-
dies, and humanities have been going on for several decades, yet additional re-
quirements in these areas seem greater today than ever. This is implicit in the
ASEE Goals Committee Report, the California Master Plan, and many other serious
discussions of engineering curricula revision.

At the secondary level there is a similar effort underway to increase the ,

amount of general education in vocational and technical programs. A business
executive at the 1966 Midwestern Regional Conference on Education, Training, and
Employment quoted Irving Adler's statement made several years ago: "A narrow
specialized vocational education was never an adequate substitute for a liberal
education. Under automation it will not even be good vocational training."45
Present thinking along these lines finds expression not so much in crowding more
general education courses into the schedule but in a complete merger of voca-
tional education with general education. A team of program associates with the
Ford Foundation described it quite well in a 1965 Advanced Administrative Insti-
tute sponsored by the Harvard Graduate School:

In 1965, we can no longer afford the luxury of a separate system. We can
no longer afford to let vocational education programs offer a "lick and a

42Ralph W. Gerard, "Shaping the Mind: Computers in Education," Applied
Science and Technological Progress, A Report to the Committee on Science and
Astronautics, U. S. House of Representatives, by the National Academy of
Science, June, 1967 (Washington: U. S. Government Printing Office).

43Research Summaries: Trade and Industrial Education, March, 1967, Re-
search Coordinating Unit, California State Department of Education, Sacramento;
Milton E. Larson, op. cit__412 PO 9.

44U.S. Department of Labor, Bureau of Labor Statistics, Outlook for
Numerical Control of Machine Tools, Bulletin No. 1437, March, 1965 (Washington:
U. S. Government Printing Office), p. 3.

45Hamilton E. Loring, "Preparation for the World of Work -- What the
School Should Do," Midwestern Regional Conference on Education, Training and
Employment, May 19, 20, 1966 (Chicago: The Research Council of the Great
Cities Programs for School Improvement), p. 31.
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promise" of general education, any more than we can allow general educa-
tion to ignore what vocational education can do to strengthen it. The op-

portunity before school leaders is a simple one -- merge the two systems
together in an appropriate form, so that the values of each can be had by

the people whom we serve -- the students. Clearly, we believe that there
is an educational value to general education -- after all, we have been

telling ourselves and the public that . . for many years; and there is

also an educational value in vocational education. The task before us
is to select those features of both which will produce a comprehensive

and coordinated education. But first, we must make it clear that we refer
to vocational education, and not to vocational training. . . .

No longer can general educators turn their backs to vocational educa-

tion. For better or worse, it will always be around, separately today,
but merged tomorrow; over-emphasizing training today, but emphasizing ndu-

cation tomorrow.46

This involves such far-reaching changes in the whole structure of Ameri-
can education that it may develop only slowly, if at all. Nevertheless, pres-

sures to improve education generally, and general education particularly, by
adding vocational content are evident. Kaufman analyzes the situation in these

words:

There is a tendency to talk about two types of training in our high schools.
We talk about vocational education and academic programs, the latter being

essentially the preparation of students for college.
There are actually three types of programs. One is vocational educa-

tion, which is a narrow specific type of training for a certain type of
skill. The second is an academic program, training youngsters for college.
But there is a large third group which is ignored, but can be described
as "general curriculum education." This curriculum consists of a few
bits and pieces of technical training, and a hope that the students will
either leave school or leave the teachers alone. This group is ignored

by our society and ignored by the vocational educators.47

There is increasing evidence that the middle group of students whom Kaufman
feels are being ignored is actually much larger than educators and society have
recognized. It includes substantial numbers of college preparatory students who
do not go on to college or who pursue higher education only long enough to real-
ize that what they need most are occupational skills. Since even college-bound
youih preparing for business and professional careers often need occupational
skills, a trend in this direction may be developing. If it is, all education
at the elementary and secondary levels would be affected, which in turn would
have substantial effects on engineering and technical education at the post-high
school levels. In the 1966 Regional Conferences on Education, Training, and
Employment, it was this basic concept of education which emerged. It was sum-

marized at the Midwestern Conference in these words:

46Edward J. Meade, and Marvin J. Feldman, "Vocational Education: Its
Place and Its Process," The Journal of Human Resources, Vol. I, No. 1 (Summer,

1966), pp. 71-74.

47Kaufman, op. cit., p. 64.
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Education for the world of work includes more than specialized vocational
and technical education. The preparation of children and youth for the
world of work is a process which should begin in the elementary grades and
continue throughout the school life of the individual. Education for work
includes the basic tool skills of learning - the three R's plus some science

and citizenship. Education for work includes general as well as special-

ized vocational education. The whole faculty of a school should be con-
cerned about educating youth for the world of work. Through specialized
vocational programs, all education can be given purpose and meaning."

The need for strengthening general educatiop is also recognized in the ap-
prenticeship programs. A study in depth was made in 1966 of apprenticeship
training in Wisconsin which included representative information from other states.
One of the conclusions from that study is that successful apprenticeship train-
ing today, compared with only a few years ago, is heavily dependent on related

classroom instruction. The extent to which this has developed and the underly-
ing reasons are evident in a summary of apprentice and employer comments:

Vocational schools occupy a major position in modern apprenticeship pro-
grams, especially in the indentured systems. These programs are modern
only because of the related instruction provided by the schools

Related instruction furnished the "why" as well as the "how" of the
apprentice's trade, and the need for this is more urgent than ever be-
fore. Technological changes introduce new materials, new products, and
new processes, and journeymen need new and more varied technical know-

ledge and skills. Apprentices must have more than a smattering of scien-
tific and technological training. They must be able to hold tolerances
and close,specifications that were undreamed of even 10 years ago. The

ability to interpret manual dexterity with understanding of scientific
principles will be expected. All this points to a need for greater and
broader training in the basic principles of the trade. Actually, related
instruction has a second objective, although it receives much less atten-
tion: to provide apprentices with non-technical knowledge designed to
help them become good citizens and responsible employees. It is repeat-
edly stated that related instruction is "the most important segment of
training," and that the real distinction between adequately and poorly
trained journeymen lies in their having knowledge which can only come
from related classroom instruction. . . ."49

Related classroom instruction, of course, does not necessarily mean gen-
eral education, and the Wisconsin study revealed considerable dissatisfaction
with existing programs. Suggestions for improving related instruction included
nmore night courses, more competent teachers, more varied courses, short courses

48Loring, op. cit p. 35.

49G. Soundara Rajan, A Study of the Registered Apprenticeship Program in
Wisconsin (Madison: Center for Studies in Vocational and Technical Education,

Industrial Relations Research Institute, The University of Wisconsin, 1966),

pp. 109-10.
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for fast learners, and more schooling at the beginning of apprenticeship.""

The problems confronting schools at every level in expanding their curri-

cula for occupational education may be staggering. Maurice Roney at Oklahoma

State University suggeosts one of the difficulties and the nature of the changes

which might be made to correct it:

Real curriculum design is further restricted by an overriding concern for

academic respectability. One of the arguments advanced for using exist-

ing courses rather than designing new ones is based on this concern. The

idea is to avoid, wherever possible, the taint of specialization. Courses

must be pure. Mathematics must be algebra, trigonometry, or calculus;
physics must be traditional physics, not applied mechanics; and chemistry

must be general chemistry rather than industrial chemistry. Except in ter-

minal courses. Here it is customary to go to the other extreme, carefully

aggregating these courses (and ultimately, of course, the students) by the

use of adjectives such as "practical," "applied," or "elementary." The

idea is to be certain, at all costs, to differentiate between the academic

and the practical.
Disturbing as it is for those who like things neat, orderly, and tra-

ditional, technical programs cannot operate under this outdated educational

philosophy. For the inevitable consequence of educational snobbery is a

segregation of students on the basis of academic ability. When this occurs

the technical program cannot operate, simply because it must inevitably
deteriorate until it has no appeal to able students with well-identified

interests. It will then attract only those students who are either not

willing or not able to do the work required in college level education.

A curriculum designed with this as a guiding philosophy may serve an

educational purpose, but it cannot be technical.51

Roney's concern with rigid course design is only part of a larger problem.

This is educational conservation, or resistance to change. In a paper presented

at the International Conference on Employment Problems of Automation and Ad-

vanced Technology in 1964, one of the participants discussed this problem and

made suggestions for dealing with it:

Teachers are one of the most conservative influences is any society,
since they tend to teach what they were taught as children and tend

to value most that for which they were praised most. In a static or

only slowly changing society this is a source of strength, for it en-

ables the cultural heritage of a people, the wisdom of the ages, to
be transmitted to the next generation. In the rapidly changing condi-

tions of today and the ever more rapidly changing conditions of tomorrow,

it can be a source of extreme weakness. Tha is not to say that we
should reject tradition, but that we must investigate again and again,

5°Ibid., p. 179.

51Maurice W. Roney, "Curriculum Design in Technical Education," (unpub-

lished MS, Madison: Center for Studies in Vocational and Technical Education,

The University of Wisconsin, 1965), p. 3.
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whether it has stood and is standing the test of time. Even valuable mat.-
ter must have to be discarded so that important new material may be includ-
ed, always bearing in mind that not all that is new is important. .

What is needed is a continuously sitting curriculum study group, represen-
tative of all the interests iniolved, such as teachers, parents, the univer-
sitiesl.pdustry, commerce, and the trade unions, to advise on the need for
change.J4

The suggested solution may be an oversimplification, but it is accompanied
by a set of guidelines with which many educators and industrial representatives
seem to agree.

1. "The teaching of all techniques that have become obsolete through tech7
nological innovations should be ruthlessly pruned." The author suggests intro-
ducing typewriters and cheap calculating machines in the primary grades as one
example of updating education at that level. Also, "excellent and easily avail-
able works of reference make much memory work unprofitable. Many other examples
exist."

2. "Teaching methods are being developed which make it possible to teach
material to children at a much earlier stage than had previously been thought
possible." Examples are teaching atomic science to children of 12-15, and teach-
ing languages in primary schools.

3. "Technology is producing new teaching devices which should revolu-
tionize teaching techniques." He notes that "teachers often shown a singular
lack of enthusiasm for these . . . It_is a pity that propaganda for these de-
vices tends to stress / a solution to/ the chronic teacher shortage which will
increasingly afflict all countries. This is true, but what is ignored is that
these devices often can be of enormous help to the good teacher too. Thus,
for instance, the educative power of good television is beyond question."

4. "If we are to produce citizens with a truly balanced outlook, then
it is essential that all pupils carry a general core of subjects . . through-
out their school career." At the secondary level he suggests "a single com-
prehensive school that caters for all abilities."

5. It is highly desirable that any curriculum should be relevant for the
future occupations of the pupils concerned." Vocational training should be em-
phasized for those not aiming at a university education rather than giving them
a "watered down version of an academic education. The argument is generally
that it is wrong for them to start on vocational training too soon. Unfortun-
ately youngsters then often fail to see any relevance in their school work.
. . . I should be realized that an academic curriculum for academically minded
children is vocational."

6. "Higher education . . . is clearly the part of the educational system

52
L. R. B. Elton, "Educational Goals for an Age of Advanced Technology,"

International Institute for Labour Studies Conference on Employment Problems
of Automation and Advanced Technology, July 2-24, 1964, (unpublished MS, Madi-
son: Industrial Relations Center, University of Wisconsin), pp. 5-6.
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most immediately affected by rapid technological change and it is in fact the

part which itself contributes largely to this change." Here the program should.
be primarily career education, flexible enough to "enable people to switch jobs

easily," but sufficiently specialized that it does not "foster the cult of the
gentleman amateur, for whom there is no place in a highly professional society."

7. "Further education is the most neglected educational sector in
most countries and the one that may in the long run be the most important from

the technological point of view." This includes education for adults who "should
have gone on to higher education but for one reason or another did not;" re-
fresher courses "at all levels and in all fields to counteract the obsolescence

that overtakes us all and to retrain those who have become redundant through

technological innovations;" and adult education to inspire and stimulate new
interests for the leisure time created by the technological revolution.

8. "From birth to graduation, it takes over 20 years to produce a tech-
nologist and this process cannot be speeded up. It therefore requires a great

deal of planning - now."53

A research project at Stanford University suggests the kinds of changes

which are being explored in engineering and technical educatron and which may

be incorporated into future planning. It is described as a "first step in the

development of a strategy" for problem solving. Classes in dynamics, design,

and introduction to electrical engineering were examined in depth. The stu-

dents in these classes were observed, tested, and interviewed repeatedly over

a period of time. Correlations were developed between a number of variables for

each student and for each class, including aptitude, ability, creativity, flexi-

bility, and achievement. The results showed that a considerable amount of time
and effort were spent in attempting to learn problem solving techniques through

well-established procedures, but that the procedures were largely ineffective.54

Some of the other conclusions were:

1. "For a narrow range of high ability students there is little or no
correlation between academic performance and intellectual aptitude."

2. "There is some evidence which suggests that attitudes having to do
with perserverance rather than creativity are highly correlated with success in .

the engineering surriculum."

3. "Although creativity and flexibility are recognized as unimportant in-
gredients in the problem solving orientation of engineers, there is little evi-

dence of this being a major focus of attention in the training of engineers."55

53Ibid., pp. 6-7.

54
Harold A. Korn, and Lauress L. Wise, Techniques for Evaluating the Learn-

ing Process in Engineering_Education, A Research Project Under the Cooperative
Research Program of the U. S. Office of Education, 1965-67 (Counselling Center

and School of Engineering, Stanford University, ERIC Document 010 099).

55Ibid., pp. 22-25.



Another example of the fundamental changes being explored in the education
of industrial personnel is found in the skilled crafts. The Wisconsin Appren-
ticeship Study revealed that "no longer is a single skill sufficient for the
worker, for automatic machines can perform any repetitive job faster and cheaper

than he can. Workers who were specialists must now fulfill the growing need for

men with multiple skills."56

Another observer noting the same trend gives this illustration: modern in-
dustry does not need "model makers in the classical sense, but a new skill that
combines the talents of a designer, set-up man, tool maker, die maker and model

maker."57 Curriculum expansion and reorganization is a trend in education
from engineering to the skilled trades, from the universities to apprenticeship
training.

Work Experience in the Curriculum

Cooperative work-study arrangements between schools and industry is not
a new concept. Sime%engineering schools recognized the value of actual work ex-

perience long ago. Apprenticeship training and on the job training combined
with education have always existed in one form or another, but as a requirement
in the degree programs for engineering and technology it seems to be taking on

new interest. As a feature of vocational education it is assuming new charac-

teristics. Work experience as a part of the curriculum may become one of the
major trunds in occupational education at every level. It is not merely work
experience while going to school, or going to school part-time and working
part-time. The importance of this concept as a development in education is in
its direct relationship with the rest of the curriculum.

The University of California Engineering Master Plan calls for "6 months
of full-time engineering-related experience obtained during the undergraduate
and graduate years" as a requirement for the Master of Engineering Degree. An
additional year is required for the Doctor of Engineering Degree, "obtained
usually in conjunction with meeting the D Engr design project requirement." Each
school of engineering is to "arrange with outside engineering organizations to
provide appropriate ways of meeting the experience requirement of the profes-

sional degrees. University-wide coordination should be provided in the initia-
tion and continued execution of the resultant programs."58

At M.I.T. and a few other engineering schools similar arrangements have
been made with industry. The schools have full responsibility for coordinating
all training experiences -- "the work-site educational experiences with the
theory and content into a plan designed to produce highly qualified individuals
who can take employment in industries kindred to those in which they obtain

56Rajan, op. cit., pp. 20.

57Ibid., p. 136.

58An Engineering Master Plan . . ., pp. 5, 6, and 9.
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their work experience."59 The former Dean of Engineering at M.I.T. notes that
"industry and business are usually considered the potential counterparts in
engineering to the teaching hospital in medicine. 1160

Work-study programs in the junior colleges are growing rapidly as a con-
cept in technical education and "may become a trend in the near future."61
Jacobson in his national study of the technical needs of industry, interprets
industryls practice of hiring technicians way from other companies as an in-
dication of the premium placed on experience. This suggests to him the impor-
tance of industrial internships in programs of higher education.62

Grant Venn, Associate Commissioner of the Bureau of Adult, Vocational and
Library Program in the U. S. Office of Education, considers work experience as
a necessary part of education. "The loss of work experience for most modern
adolescents as part of their total educational background must be replaced by
a combination of education and related work experience as part of the educational
structure. I don't mean for the vocational student -- I mean for all students
in our school system"63 Willard Wirtz, Secretary of Labor, says thp same thing.
"Some work experience should be part of every person's education."64

As a part of vocational education, however, the concept of work experi-
ence is significant chiefly in the way it relates to school. It is an essential
part of an educational program designed to prepare the student for employment.
"Mbre on the job training is inadequate, for it omits related instruction; on
the other hand, more theoretical knowledge is also insufficient because it omits
job experience."65

Continuing Education

A special advisory panel organized by the National Science Foundation and
the President's Committee on Scientists and Engineers sponsored a study of the
college educated population of the United States in 1960. A review of the re-
port contains this statement: "The first and most striking finding of the study
is that for the majority of college graduates education does not'terminate with
the bachelor's degree. Most graduates in the 1960 population had obtained some

59Matthews, op. cit., p. 3.

"C. Richard Soderberg, "A Note on Engineering," Applied Science and Tech-
nological Progress, p. 408.

61
Larson, op. cit., p. 21.

62
Jacobson, op. cit., p. 198.

"Grant Venn, "Shaping Educational Programs for Employability," Western
Regional.Conference on Education, Training and Employment, p. 24.

64AFL-CI0 News, "Wirtz Urges 'Bridges' Between School, Work," (Washington,
D.C., February 18, 1967).

65Rajan, op. cit., p. 20.
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further training, although only about one-fourth held another degree."
66

The

research in learning techniques at Stanford was based in part on the almost

continuous need for additional education by professional engineers. One of

the problems was "how to prepare students to continue their professional learn-

ing all their lives."67

The Vice President of Personnel and Industrial Relations Services at
General Electric pointed out in a recent company publication the "need, in an

era of pervasive and accelerating change, for education to become a life-long

process. It is no longer accurate or appropriate to talk as though a man could

'get educated, then go to work; the two strangs of working and learning are

intertwined for the length of a man's career."°8 This concept appears with in-

creasing frequency in conferences on manpower and education. The Arizon'a re-

port in an eight state project, "Designing Education for the Future," contains

this prediction: "Work in 1980 . . . will require more schooling both at the
formal and informal, general and technical levels. For that matter the con-

cept of work will be closely intertwined with the idea of school or learning."89

The Engineering Master Plan for the University of California contains an
entire section of seven recommendations on continuing education. They are listed
here primarily because they show the importance which this feature of education
is beginning to assume. They also reflect a considerable amount of serious
thought in a program designed to meet this need.

MANDATORY ROLE OF UNIVERSITY IN CONTINUING EDUCATION. It is imperative

for the future of California that the schools of engineering of the Uni-
versity accept responsibility for continuing engineering education as a
third major educational endeavor, of importance comparable with that of
the undergraduate and graduate programs.

PART-TIME AND OFF-CAMPUS GRADUATE STUDY. The Universit)i should make avail-

able, to the fullest extent of its ability and imagination, part-time and
off-campus graduate study leading to master degrees for the very large num-
bers of qualified working engineers in California.

FACULTY ROLE IN CONTINUING EDUCATION. The regular facilities of the schools
of engineering should be charged with the central responsibility for the
planning and supervision of continuing engineering education.

66Mildred A. Schwartz, "The United States College - Educated Population:
1960, Journal of Human'Resources (Bureau of Social Science Research, Inc., Vol.1,
No. 1, Summer, 1966), p. 98.

67Korn and Wise, op. cit., p. 22.

68Virgil B. Day, "A Commitment to Continuing Education," The General Elec-
tric Forum (Vol. IX, No. 4, 1966), p. 7.

69Robert L. Pickering, Arizona in 1980: Some Questions for Education (State
Department of Public Instruction, Phoenix, Arizona, December, 1966), p. 32.
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POST DEGREE EDUCATION. The University should develop, teach, and provide
to other agencies "delta packages" of engineering knowledge to bring en-
gineers up to date after they have been out of school for given periods of
time.

RECOGNITION OF CONTINUING EDUCATION ACHIEVEMENT. Methods should be developed
to provide appropriate recognition to engineers who complete planned se-
quences of continuing education programs not leading to degrees.

PREPARATION FOR LIFELONG EDUCATION. The content and methods of the under-
graduate and graduate programs should be planned to have an effective in-
fluence in orienting students toward and preparing them for lifelong pro-
fessional education.

CENTER FOR CONTINUING ENGINEERING EDUCATION. The Council of Engineering
Deans and University Extension should take immediate steps to develop by
1 July 1966 a plan for the establishment of a new statewide Center for Con-
tinuing Engineering Education. The purpose of the Center will be to stimu-
late and to coordinate the continuing education activities of the schools
of engineering and to develop new instruction methods."

Educational Planning

Regardless of the specific changes and trends which may take place in the
years ahead, they will almost certainly result from greater deliberation then
educational developments in the past. jhe studies cited here represent a trend
in itself, a trend toward educational planning rather than mere accumulation of
courses, curricula, programs, and institutions. An economist at the Eastern
Regional Conference on Education, Training, and Employment in 1966 described
what is happening in the rest of the world:

With the exception of the United States, every established nation in the
world is engaged in planning its educational system over the long term.
In virtually every case, it is planning education on two fundamental cri-
teria. One is the internal efficiency of the educational system defined
in terms of the input-output relationships of the system or the ineffec-
tiveness with which scarce educational resources are used in the educa-
tional process. The other is the relevance of the educational system to
the ultimate purposes of the society.71

There are indications that the United States, too, is beginning to engage
in this kind of planning. Cost-benefits studies, master planning, goals stu-
dies, and similar activities within institutions and at state and even national
levels are being undertaken with increasing frequency.

70An Engineering Master Plan . . ., pp. 8-9.

71
Eastern Regional Conference , p. 13,



CHAPTER IX

CONCLUSIONS, InPLICATIONS, AND RECOMENDATIONS

Summary

Engineering Education: As it appears today, engineering education is

predominately a four-year baccalaureate degree program with high academic

etandards, an overloaded curriculum, and a tendency to emphasize theory ahead

of applied technology. For many it is a delayed degree or no degree at all

supplemented by on-the-job training and years of experience.. For others it

is a master's degree or doctorate, usually acquired while employed in the

field. For the most part, it is based on a considerable knowledge of mathe-

matics usually through calculus and differential equations, advanced levels

of physics and chemistry, various combinations of engineering sciences, and

a few courses in communications, social studies, and humanities. Student

enrollments are not keeping pace with industrial expansion; the dropout rate

is excessive; and the demand for graduates is extremely high.

While the number of baccalaureate degrees obtained in engineering has

remained at about the same level each year for the past decadc, graduate de-

grees have been increasing. The American Society for Engineering Education,

supported mainly by electronics and aerospace engineers, favors lengthening

the program and making the masters degree the first professional degree. They

want for the engineering student more non-technical education, less specializa-

tion in a single field, more basic theory, more research, and no appreciable

increase in applied technology. These recommendations are strongly opposed

by other educators and many practicing engineers, especially in the fields of

civil, mechanical, and chemical engineering. This group insists on retaining

the baccalaureate degree as it is, placing more emphasis on experience, in-

creasing non-technical education through better preparation at the elementary

and secondary levels, and developing closer coordination between industry and

education. There appears to be a trend toward the ftve-year basic degree pro-

gram, but the nature of the dispute confirms a general impression that engineer-

ing education today is in a state of flux.

In Arizona the chief characteristic of this area of study is rapid and

sustained expansion. Engineering education has grown from eight degree pro-

grams at the University of Arizona in 1955 to fifty-two programs at three

universities in 1967. Enrollment increased more than 12% from 1966 to 1967,

to a total of 5,752. Last year 558 baccalaureate degrees and 113 graduate

degrees were awarded. The Arizona programs are largely four-year basic degree

programs in specialized fields followed by further specialization at the graduate

level. Each of the three universities, however, has variations of its own. ASU

is inclined to favor the basic five-year master's degree. Tha U of A favors

the four-year basic degree. Both have extensive graduate programs. NAU tends

to emphasize applied engineering and a general baccalaureate degree followed

by specialization at the graduate level.

248
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The engineering students at all three Arizona institutions have strong
high school backgrounds in mathematics, chemistry, physics, and many of them
in drafting. Half have had industrial experience, one-fourth are presently
employed as engineers or technicians, and one-fourth have had technical training
in the armed services. At least one-third took courses in industrial arts,
vocational education, or technical education in high school. llore than half
plan to continue working toward graduate degrees.

Engineers in industry report a broad range of activities, including those
ordinarily performed by technicians and skilled craftsmen. flany do not agree
with their employers' description of the nature of their work. They indicate
considerable time spent in research, supervision, writing technical .reports,
and other paper work. They recommended a wide range of courses in school but
comparatively few at the advanced level. Advanced courses should include com-
munications, mathematics, and science. Engineers and their employers generally
agree on the need for mathematics through calculus and differential equations,
physics and chemistry, technical courses chiefly in areas related to their work,
drafting, a great deal of reading, speaking, and writing proficiency, and busi-
ness courses.

Employers of two-thirds of the engineers surveyed require a baccalaureate
degree in engineering, and more than one-third preferAmaster's or doctorate.
Of those answering questionnaires, 55% have baccalauredEe degrees in engineering,
and 10% have non-engineering baccalaureate degrees; 15% have master's degrees;
and 5% have doctorates. Engineering fields in which a graduate degree is pre-
ferred by a majority of employers are aerospace (93%), electronics (61%), and
mechanical (53%). Employers of approximately half of the engineers felt that
increased responsibility for various phases of engineering education should
be assumed by the junior colleges, universities, high schools, industry, and
graduate schools, in that order.

Half the engineers reported that most of their technical knowledge and
skills were learned in college. Ilore than one-third said they learned most
of what they know on the job. One-half to three-fourths of engineers and their
employers believe non-technical courses contribute to career success, and em-
ployers were overwhelming in the opinion that communications should be strengthened
in the degree programs. Employers were also strongly in favor of more business
courses.

One-half to three-fourths of all engineers have received on-the-job
training; substantial numbers have had additional courses in school paid for
by their employers; and one-third have taken additional courses on their own.
The two most important reasons for continuing their education were (1) to ac-
quire additional technical knowledge needed on the job, and (2) general self-
improvement.

Nearly half expect to be working in supervision or management 10 years
from now. Promotions are based largely on performance and experience. The
great majority of those surveyed were satisfied with their choice of a career
and all of its principal features. flost are in theis 30s or 50s, have had
more than 10 years experience, and receive salaries above $900 per month.
Of those who receive more than $1,200 per month, one-third have graduate de-
grees.

The first preference of most employers in hiring engineers is to promote



250

them from lower level jobs in their own organization. Their second preference

is direct from school, and their third, from other employers. The majority of

engineers in the survey had transfered to their present positions from other

companies, but about one-fourth had come from school.

Employers were nearly unanimous in the opinion that changes in technology

in the next five years will require new knowledge and skills in engineering.

Subjects in which more preparation in school will be needed for a majority of

engineering fields are physics, chemistry, non-metallic materials, computer

programming, computer technology, and business courses.

Cooperative work-study programs with industry are favored by the employers

of a majority of engineers except in the fields of electronics and mining.

Special education programs to upgrade non-engineering personnel to engineers

are favored by employers of aerospace, civil, and mechanical engineers. Arizona

employers feel that enrollments should be increased particularly in chemical,

electronic, industrial, and mechanical engineering, and that new programs should

be added if possible in aerospace, chemical, industrial, and mechanical engineering.

Nearly one-fourth of the engineers who participated in the survey had

received their highest degrees from Arizona institutions. Of these engineers,

259 were U of A graduates; 126 were from ASU; and 12 had received their highest

degrees from the two-year technology programs at Northern Arizona University

and Phoenix College. Eleven others were Arizona high school graduates with no

college degrees. The principal reasons given for attending these schools were

convenience of location, reputation of the school, and financial consideration,

in that order.

nore than one-fourth of employers and employees who participated in the

survey offered suggestions for improving engineering education. There were

conflicting opinions on virtually every subject, but an unmistakeable consen-

sus appeared on a number of points. These were:

That pre-engineering should begin in the elementary and

secondary schools;

That more students should be attracted to engineering through

better vocational guidance and counselling;

That engineeripg education should be more closely related to

the real world or work;

That practical experience should be included in the curriculum,

preferably through cooperative work-study programs with industry;

That many courses, textbooks, and some of the equipment in

engineering schools are out of date;

That a number of areas of technology are being overlooked or

neglected in the current educational programs;

That non-technical courses especially in communications and

business, but also in social studies and humanities, need to be

emphasized much more than they are now and that a greater proportion

of students' time should be spent on these courses;
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That engineering education at the baccalaureate level should
be general rather than specialized;

That the basic engineering education program should probably
be five years;

And that much greater provisions should be made by the univer-
sities for continued education available to practicing engineers in

every part of the state.

Current research and related literature in engineering education suggest

that both students and faculty shortages exist which will continue for some

time. Solutions to this problem are being explored through an earlier intro-

duction to engineering in the lower grades and a reduction of the dropout rate

in universities.

The engineering curriculum is undergoing extensive review and reappraisal,

primarily along three lines. One is to make it more flexible, with a general
rather than specialized degree. This is to cpen up a wider range of career
opportunities for the graduate and to give industry an engineer who can fit
more readily into the combination of technical areas that most jobs today

require. It will also enable the engineering graduate to adapt his basic

education to later changes in technology which cannot be anticipated while he

is in school.

The second line of research in engineering curricula, closely related to

the first, is to broaden the whole program. Efforts are being made to add more
technical content and non-technical courses at the same time. Admittedly this

is a difficult thing to do, and it constitutes one of the most challenging
problems in engineering education today.

The third approach to curriculum revision is to make it more practical.

Work experience as a part of the degree program seems to be the best answer.

Technical Education: Technical Education is considerably less standardized

than engineering. It has evolved on the one hand out of industrial arts and

vocational education in secondary schools, and from another direction since
World War II as a sub-engineering training program in technical institutions.
It is rapidly growing as a two-year associate degree program in junior colleges.

Typically, this is a 70 semester hour program consisting of 60% technical
courses, 25% mathematics and science, and 157 general education including com-

munications, social studies and humanities.

Technical education, like engineering, shows a tendency to move up the
academic ladder as demands for knowledge and skills increase. Dany colleges
and universities offer baccalaureate degrees in technology which differ from

engineering chiefly in the depth and intensity of their courses. They are

also directed toward applied technology rather than scientific and engineering

theory. Graduates may become application engineers, occupying positions pre-
viously reached through engineering schools and still classified by industry

as engineering. Indications are that three-fourths of the students enrolled in
technical education programs drop out before graduating, many of them probably

to go to work as partially trained technicians.
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In Arizona, technical education is growing even more rapidly than

engineering. Since 1955 it has expanded from four baccalaureate programs

at ASU to 35 baccalaureate and associate degree programs at ASU, NAU, and

the six junior colleges. Total enrollment increased 507 in one year between

1966 and 1967, reaching 2,470. There were 280 graduates in 1967.

The four-year technology programs at ASU and NAU vary according to the

field and the purpose for which they are taken. Generally they follow the

normal baccalaureate pattern except for a heavy concentration of technology

and a minimum of liberal arts courses. The associate degree programs in the

junior colleges resemble the national trend but with a little stronger liberal

arts content.

Technical students in Arizona differ from engineering students in several

respects, but the differences are not great. Their high school background usually

includes more industrial arts and vocational or technical education, and less

mathematics and science. Those who answered questionnaires ranked a little

lower than engineers in their high school graduating classes, but were still

considerably above average. Half of them had had industrial or mechanical em-

ployment and one-fourth are presently employed as technicians or craftsmen.

Two-thirds intend to continue in school toward a higher degree when they com-

plete their present program, and one-third are planning professional careers

in engineering.

The work of technicians is restricted more to their fields of specializa-

tion than that of engineers. The same is true of associate engineers, whose
activities and qualifications in the survey identify them more readily with

technicians than with professional engineers. Technicians spend a considerable

amount of time in research, supervision, and writing technical reports. Their

other major activities are quality control, testing, instrumentation and cali-

bration, and drafting.

For this they need algebra, geometry, trigonometry, physics, drafting,

writing, reading, and speaking. For some, chemistry and business courses are

necessary. The nature of their work requires specialized preparation in one

technical area, but both employers and employees indicated need for combinations

of general knowledge of several technical areas. The educational level required

by most employers is high school. They prefer associate degrees, and this

seems to be the trend. Employers strongly favor increased responsibility by

the junior colleges in technical education.

Technical occupations depend even more than engineering on practical ex-

perience in the training program. Ilore than half of the technicians in the sur-

vey learned most of their technical knawledge and skills on the job. Non-tech-

nical education, however, is considered almost as important by employers and by

technicians themselves as it is for engineers.

Continuing education, both on the job and in school, is also as charac-

teristic of technical occupations as it is of engineering. Virtually the same

pattern exists here in the support by industry, the need for additional tech-
nical knawledge and the interest of technicians in self-improvement.

The choice of a career in technology for the majority of those in industry

today was made after -- not before -- they went to work. About one-fourth made

the decision before or during high school. The importance of work experience in
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career selection was noticed in engineering, and it seems to be even more
evident in technology.

The same satisfaction with their choice of a career was also evident.
Both engineers and technicians report htgh levels of satisfaction with salaries
and the kind of work they do and most of the conditions under which they work.
Technicians earn an average of $500 to $700 per month, which is only a little
more than half the income of engineers. They are also younger, for the most
part, than engineers. Uost of these who participated in the survey were in
their 20s and 30s.

The major area of dissatisfaction on the part of technicians is advance-
ment. The same factors govern promotions as were reported for engineers --
performance and experience, followed by personality, seniority, and sometimes
examinacion. But the opportunities for advancement are far more limited for
technicians than for engineers, consequently, a fairly high percentage of the
technicians in the survey were dissatisfied with this feature of their career.

Employers' first preference in hiring technicians is to promote them
from lower level positions within their own organizations. Their second
preference is to get them from other employers, and their third is from
schools. A substantial number of employers, however, list schools as their
second choice and a few as their first choice. This is especially true in
drafting technology, a field in which nearly one-third of the employers pre-
fer the schools as their first supplier of employees.

The changes expected to take place in engineering technology in the next
five years will affect the education of techniciane almost as much as engineers.
There is substantial agreement in industry that such changes, in addition to
requiring more technical training, will call for more preparation by technical
students in physics, instrument calibration and measurements, writing and
speaking.

Increased enrollments and additional education programs in technology
are favored by a substantial majority of Arizona employers for all fields ex-
cept civil. This is especially true in aeronautics, date processing, and elec-
tronics. The number of Arizona graduates working in Arizona industries is
still comparatively small because most of the programs were only recently es-
tablished. /lore than la% of those who answered questionnaires, however, graduated
from ASU or Phoenix College, and nearly half that number were Arizona high school
graduates with no degrees.

Suggestions from technicians for improving education in their fields closely
paralleled those of the engineers. The need for work experience as a part of the
educational program was particularly stressed along with updating courses and
textbooks. They were equally emphatic about the need for more general education,
primarily in communications and business. Continuing education was probably
their main concern. They feel that complete degree programs, as well as non-
degree technical courses, should be made much more available to men who are
working and have family responsibilities.

Significant research in technical education which may lead to changes, is
underway in a number of areas throughout the United States. An earlier begin-
ning in the elementary schools and considerably more emphasis on pre-technical
education in the secondary schools are suggested to meet the chronic shortage
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of students. Some exploratory efforts are being made to enlarge the number
of eligibles by reexamining established academic requirements. Occupational
prestige is a problem in technical education and Methods of dealing more
successfully with this are being explored.

The most important research in technical education today is probably
the cluster concept. Since technology tends to specialize, the number of
technical fields is constantly increasing beyond the ability of educational
institutions to establish programs. Moreover, students too narrowly trained
in a single field cannot adapt as easily to changing job requirements as they
must to keep up with industry's needs. An analytic approach to this problem
is being made in a number of major research projects through which the skills
and technical knowledge required for several occupations may be grouped in
each particular education program.

Technical education is receiving much of the same attention being given
to engineering in the areas of curriculum expansion and continuing education.
Essentially the same problem exists here in the need to add more technical
and non-technical institutions at the same time and still keep the programs
within reasonable limits. There is considerable interest also in cooperative
work-study, arrangements with industry as part of the curricula. New curricula
are being designed through completely analytic techniques, and increasing
activity of this kind may be expected. Technical education !Is it exists today
is almost certain to change with new teaching methods and equipment eeveloped
through continued research. And since it is so sensitive to the constant
advances of industry, a continual pattern of change may be expected as one of
the characteristics of technical education.

Skilled Industrial Education: Traditionally the training of machinists,
tool and die makers, layout men, and other skilled personnel in industry has
been provided either through apprenticeship programs or simply through on-the-
job training. Much of it is still provided largely by industry, especially
under apprentice arrangements through government-sponsored joint councils
which include both labor and management. The problem with this is that not
enough ycuth are enrolling, and one-fourth drop out before completing.thd
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26 are tool and die, and 26 are machinist apprenticeships.

Employers of nearly half the skilled craftsmen in Arizcna do not require
a high school education. A substantial majority, however, prefer not only
high school but vocational-technical education as well. Host of those in the
survey have had this kind of academic preparation. They also graduated for
the most part in the upper half of their high school classes. Employers feel
very strongly that high schools, vocational-technical schools, and industry
should each assume more responsibility in preparing skilled craftsmen.

One-third or more of the men in skilled occupations report that non-
technical courses in school contribute to career successes. Fairly substan-
tial numbers have taken courses in school since going to work, usually for
their awn self-improvement.

Both employers and employees report a considerably broader range of ac-
tivities on the job than the skills primarily associated with their occupations.
Supervision and writing technical reports are required of most of them. In
connection with their skills they do research, production and product design,
systems analysis, quality control, testing, instrumentation, layout, inspection,
drafting, and setting up and operating machines. About one-fourth are involved
in sales, consulting, or public relations.

They need algebra, geometry, trigonometry, physics, and sometimes chemis-
try, metallurgy, non-metallic materials, hydraulics-pneumatics, manufacturing
processes, machine tools, machinability, machine economics, instrument cali-
bration and measurements, drafting, reading, writing and speaking. In other
words, skilled employment in modern industry goes far beyond setting up, main-
taining, and operating precision machinery. In their suggestion for improving
educational programs, skilled craftsmen and their employers stressed courses
in mathematics, science, communications, and many also advocated social studies
and humanities.

The major trend in skilled vocational education appears to be taward a
closer relationship with the rest of the educational system. Comprehensive
high schools, earlier instruction in tools and basic vocational concepts for
everyone, and more general education for vocational students related to their
work are a few of the research and experimental programs under way. Some are
well established in educational systems in many parts of the country. The
cluster concept and core curricula for entire industries are receiving serious
attention. And continuing education is having an impact on the skilled trades
as well as on engineering and technology. It takes the form of retraining
and adult education, and although many skilled craftsmen are not affected, the
number who are is growing each year.

Conclusions and Implications

Many conclusions may be drawn from the information developed in this
study, but several seem almost inescapable. First, there is a significant
relationship between work experience and the education of industrial person-
nel. Half of the students surveyed have been employed in an occupation re-
lated to their field, and more than one-fourth are working while in school
as engineers, technicians, or skilled craftsmen in industry. Even among first-
year students, 377 in engineering report previous related employment experience
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and 16% are presently employed. In technology 42% of the first-year students

report previous employment and 18% are presently employed. One-fourth of

the students in both engineering and technology say the major influence in

their selection of a career was work experience. From 50 to 75% of the en-

gineers, technicians, and ski3led craftsmen in the survey of industry chose

their careers primarily because of work experience or the influence of someone

else in the occupation.

Work experience is also an indispensible part of the education of en-

gineering and related personnel. The overwhelming preference of employers

in filling new positions is through promotion from within their own organi-

zations or by obtaining personnel from other employers, presumably because

these are experienced people. Experience is tho major consideration in ad-

vancement in every field at every level, according to both employers and em-

ployees. The most emphatic recommendation offered by employers and employees

in their personal comments was to give students more practical experience

while in school. A substantial majority of employers said they Amor coopera-

tive work-study programs.

The second conclusion from this report is that educational programs at

every level should be broadened, with an emphasis on flexibility. This is

evident in the strong recommendations by employers and employees to add both

technical and liberal arts courses. Hany of the recommendations stressed

the need for greater flexibility in educational programs so that graduates

could adapt more easily to the changes taking place in industry and increase

their opportunities for successful careers. Reports of current research, pro-

fessional studies, conference reports, and other published materials indicate

a national trend in this direction.

There also appears to be a consensus in the industrial survey that sup-

ports this conclusion. Both employers and employees in all occupations listed

numerous courses which they feel are needed in preparation for the job but

which are not directly related to the activities associated with the job. For

example, the employers of 86% of the data processing technicians and 87% of

the technicians themselves reported that instrumentation and calibration are

not skills used in this occupation, but 77% of the employers and 58% of the

data processing technicians said students preparing fcr this occupation should

have either a general or advanced knowledge of the subject. The implications

are that some knowledge is needed to perform other skills associated with the

job, and secondly, that the job itself may be changing so that students pre-

paring now for employment in the future will need that kind of knowledge.

This, of course, brings up one of the thorniest problems in both en-

gineering and technical education. To what extant should the schools generalize

or specialize? Should engineers have general baccalaureate degrees in their

special fields? Should technicians be prepared to work in one specific field

or several? The American Society for Engineering Education and a number of

universities feel that generalization is more valuable to the engineering

student than specialization. There is a great deal of interest and activity

in technical education also in preparing students for clusters or groups of

occupations. On the other hand, most of the actual work in engineering and

technology demands a great deal of specialized knowledge. Practicing engineers

in most fields are opposed to general degrees in engineering. It is doubtful

if any engineer or technician is really competent if he does not have a know-

ledge in depth of at least one technical area.
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The problem is not easy to deal with and may never be completely re-

solved, but the need for a broader foundation in engineering, technical,
and even skilled vocational education cannot be ignored. One of the most
compelling observations in this study is the upward mobility of persons

in these occupations. More than three.-fourths of all engineers and tech-

nicians and half of the skilled craftsmen in the industrial survey expect
to be working at higher occupational levels within 10 years, while 29% of
the technical students in Arizona schools plan to become engineers. Half
of the technicians in the survey who are continuing their education -- and
this includes a substantial majority -- are doing so to advance their

careers. The manager of technical training and development in one of the
largest companies in Arizona reported that 507 of their technicians were
promoted to engineers last year.

The most important direction in which curriculum expansion must take
place in all educational programs seems to be communications, followed by

business courses. Technical report writing is an activity associated with
virtually all fields of engineering, most of the technical fields, and to
some extent in most of the skilled crafts. Reading, writing, and speaking
rank next to mathematics as courses in which advanced knowledge is needed
for engineering and technology and a general knowledge is needed for skilled

employment. More general education, especially in communications and business
was repeatedly and emphatically recommended in the personal comments from

industry. The ASEE Goals Report and its critics both agree on the need to
strengthen general education in engineering education; they disagree only on
how it should be done. The importance of general education in technology and
the skilled crafts.is receiving major attention in research and professional
literature.

One of the observations to be made from this study is the increasing
importance attached to college degrees in both engineering and technology. A
substantial number of employers prefer higher degrees than they require in

all occupations. Many employers prefer baccalaureate degrees in technology,
especially for aeronautical, chemical, data processing, electrical, geological,

and metallurgical technicians. There are preferences for the doctorate in a
few fields of engineering, and these are probably increasing. Much of the
interest in continuing education is in earning higher degrees, and there is

an apparent correlation between degrees and salaries in both technology and

engineering. When they complete their present programs, 50% of the engineering
students and 647 of the technology students in Arizona institutions who par-
ticipated in the survey plan to continue their education toward a higher degree.

There is also evidence from this study that a great neglected area of
non-degree education exists from which a substantial number of engineers and
technicians are going into industry. The number of baccalaureate degrees in
engineering remains the same each year while engineering services in industry
are increasing. Nationally, three-fourths of the students enrolled in tech-
nology and two-thirds of those in engineering do not graduate. Nearly 407 of
the associate engineers and technicians and 10% of the engineers in the survey
of Arizona industry have some college but no degree. This non-degree, or
less-than-degree, area is largely ignored by educators because their attention
is focused on degree programs. Courses are arranged in sequences leading to

degrees. There are non-degree programs in technology at ASU, NAU, and some of
the junior colleges, but far more students drop out of degree programs than

enroll in these. The educational institutions, for the most part, simply do
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logy through partially trained dropouts. Efforts to assist such students in

making the most of their partial education are probably quite limited.

Another area of considerable impact on engineering technology is continuing

education. One-half to three-fourths of all engineers and technicians, and nearly
half of the skilled craftsmen in the survey of Arizona industry have taken addi-
tional courses in school. An analysis of current enrollments in the Phoenix and
Tucson areas suggests that a substantial number of third and fourth-year students
as well as graduates are either employed full-time and going yp school part-time,

or have returned to school after dropping out for one or more years. Much of
.the concern expressed by employees in their personal comments was over the need
for more courses at night and in more convenient locations.

Finally, the study revealed a number of areas where industry and the schools
should be more closely coordinated in their educational programs. Educators have

Lo reliable information at the present time on either the kinds or extent of on-
the-job training provided by industry for their graduates. Nor are systematic
analyses made of the effect of work experience before, during, or after formal

education programs. Industry has little knowledge of the students going into en-
gineering and technology, their goals, strengths or weaknesses until they com-
plete their education or an important part of it. Employers and employees both

feel that engineering and technical faculties should have frequent exposure to in-
dustrial experience, and some of them feel that engineers and technicians should
have classroom experience in the schools. Industry has only a vague idea of the

purposes for which it supports continued education for its employees; and neither
the schools nor industry make any appreciable effort at all to direct the great
amount of such education toward specific goals.

This study revealed, however, 'a considerable interest on the part of both
industry and the educators in Arizona to work more closely together. The review
panel of educators and representatives of industry which assisted with the design
of the survey and the evaluation of its results demonstrated a high degree of co-

operation. Industry not only contributed substantially to the survey in person-
nel time and effort, but expressed an overwhelming interest in its purpose. As
noted before, a substantial number of employers took a position in favor of co-
operative work-study programs. Educators, for their part, were equally interested

in working with industry. The junior colleges have industrial advisory commit-

tees for most of their programs, Each of the universities has developed close
working relations with major segments of Arizona industry. Each of the deans
of engineering and technology at the universities and junior colleges and many
of their faculty have participated in this study, as have the director and
severalsupervisors in the State Department of Vocational Education and a num-
ber of high school administrators. The basis for increasing coordination between
the schools and industry in educational programs at all levels is well estab-
lished.
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The Employment Service estimates a total employment at the present time
in Arizona of 9,500 engineers, 7,270 technicians, and 6,120 skilled industrial

craftsmen. These are estimated ratios of 5.3 engineers, 4.1 technicians, and
3.4 skilled industrial craftsmen per 1,000 population. The ratios are expected
to increase slightly by 1975 requiring an increase of 3,200 engineers, 2,480

technicians, and 2,280 skilled industrial craftsmen. It is not possible to
project actual numbers of graduates from Arizona schools to meet these demands
because individual industries do not know their future needs, graduates enter
a national labor market rather than a state labor market, and demand exceeds the
supply to such an extent that academic output cannot e*pect to catch up for some
time to come. Nevertheless, it is possible to arrive at estimates of the average
annual graduates needed based on the present output and Arizona's rate of indus-
trial growth.

At the very least, Arizona schools should match the economic growth rate,
but there are compelling reasons to attempt considerably more. Nationally the
engineering schools graduate only about half the number of engineers needed each
year, and this situation has prevailed for at least a decade. A similar annual
deficit is found in technology education. In the skilled crafts automation tends
to absorb some of the deficit, but attrition due to death and retirement is quite
high and almost certain to go higher as the age level of these personnel continues
to climb. Increasing national shortages of engineers, technicians, and skilled
industrial craftsmen require that educational institutions in all states increase
their annual output as rapidly as possible. Since Arizona's growth rate is approxi-
mately twice that of the nation as a whole, Arizona's schools should expect to
assume a proportionately larger share of the responsibility of producing engineering
and related personnel. National competition for this kind of manpower will require
such an effort to sustain a favorable growth rate.

In estimating Arizona graduation figures sufficient to meet the probable
manpower demand in 1975, three levels of effort are determined. The first would
be a holding action only, and would depend heavily on immigration to supply most
of the need. The second is twice the first, a level sufficient to absorb Arizona's
share of the annual deficit. The third takes into consideration the accumulated
shortages of previous years and Arizona's growth rate compared with that of the
rest of the nation. On this basis, the first level calls for annual graduation
by 1975 of 800 engineers, 800:technicians, and 850 skilled industrial craftsmen.
The second level calls for 1,600 engineering graduates, 1,600 technology graduates,
and 1,700 new skilled craftsmen from Arizona schools each year. The third level
would produce 2,400 engineering graduates, 2,400 ::echnology graduates, and 2,550
craftsmen. These figures for 1975 compare with 599 engineers and 280 technicians
graduated in Arizona in 1967. Figures for skilled craftsmen in 1967 cannot be
determined, but they are considerably lower than the need. Arizona's continued
industrial growth will depend increasingly on the ability of the schools to produce
these graduates. The schools have demonstrated their willingness, and employers
expressed strong support for expanding enrollments and adding new programs in the
industrial survey. The critical factor will be to increase substantially the
numbers of students entering these educational programs each year.
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Recommendations

The following recommendation's are based on the conclusions above. They are
suggestive only, but in the form in which they are presented here they have the
support of the members of the Review Panel representing both the educational in-
stitutions and industry in Arizona. In that sense, they are recommendations to
ourselves. In a larger sense they are directed to the faculty, administrators,
and governing boards of the educational institutions; to the management of in-
dustrial firms; and to the public and its representative upon whose support en-
gineering and'technology in this state ultimately depend.

Programs and Enrollment: The numbers of engineers, technicians and skilled
craftsmen from Arizona schools will have to increase each year. By 1975 annual
graduation figures should be 2,400 engineers, 2,400 technicians, and 2,550 crafts-
men. In order to attract sufficient numbers of students to meet these demands,
three courses of action are suggested:

1. Continue to develop career-oriented guidance services in the high
schools and colleges, supplemented by public relations programs by the colleges
and industry. With assistance from the State Department of Vocational Education,
the universities have added vocational guidance to their counselor education pro-
grams. High school counseling is receiving vocational emphasis in some schools
with some counselors. Considerably more emphasis is necessary, however.

444

2. Study the effect of present admission and graduation policies on both
enrollment and retention of potentially capable engineers, technicians and skilled
craftsmen. This is particularly important in regard to students with special
problems. Determine to what extent social, economic, academic and other barriers
to careers in engineering technology now exist, and find possible ways to remove
them.

3. Since work experience and exposure to industry are the major influences
in attracting students to engineering and technology, develop a program of summer
jobs in industry for high school students, graduates, and college students.
Companies might develop such jobs for a given number of students, advertise them
in the high schools, screen the applicants for achievement and aptitude, and
stimulate considerable interest in engineering and technical careers.

Work Experience: Each of the universities and junior colleges should ex-
plore with industrial firms the most feasible means of incorporating work-study
programs in their curricula. Three posible approaches might be made: summer
internships between the second and third years, the thirdand 'fourth years, and
the fourth and fifth years for students going on to graduate work; alternate sem-
esters of course work and employment; and part-time employment during the third,
fourth and fifth years. The employment in each case would need to be arranged
by the school in such a way that the work experience would contribute directly
to the educational program and would be coordinated with it. Experimental or
pilot programs may be advisable at the beginning. Eventually, work experience
should be a part of every student's curriculum.

General Education: In view of the apparent necessity to strengdien lib-
eral arts in engineering and technology education, especially communications, it
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is suggested that realistic proficiency tests be developed by each institution
to assist in guiding students individually into the courses they require. Such
tests might be given to entering students and repeated at the beginning of each

succeeding year. They need not be regarded as additional hurdles or obstacles,
but merely used as the basis of guidance and counseling so that the students
themselves are fully aware of their own deficiencies. They should certainly
cover the principal areas of clmmunications - reading, writing, speaking, and
graphics - and may well include some basic economics, accounting, business man-
agement, statistics, history, sociology, psychology, political science, litera-
ture, philosophy, and art.

It is hoped that high schools will at the same time add industrial educa-
tion in some form to the general education of all students, and encourage poten-
tial engineering and technology students particularly to take courses in this
area.

Curriculum Research: The problem of expanding curricula can only be met
through systematic research and experimentation. The Engineers Council for Pro-
fessional Development includes this as one of its ten basic policies in accre-
diting. engineering curricula: "The avoidance of rigid standards as a basis for
accrediting, in order to prevent standardization and ossification of engineering
education and to encourage well-planned experimentation." The same provision is
made in accrediting technical curricula: "Well-planned experimentation 4Ihd deve-
lopment in engineering technology education are to be encouraged." In 1964 ECPD
added further emphasis to this policy in a series of amendments governing sub-
ject matter in acceptable curricula: "In any case in which the Engineering
Education and Accreditation Committee is persuaded that well-considered experi-
mentation in engineering is under way, it shall give sympathetic consideration
to departures from the criteria ."

On this basis the colleges of engineering and technology in Arizona might
well initiate at this time curriculum research and experimentation along several
lines. One would be on the relationship of courses and course content to actual
practice. No attempt was made in the present study at functional job analysis
or coordination of subject matter in school with its need on the job except in
a very general way. This needs to be done. Efforts should be made to determine
the extent to which all of the material in traditional courses, especially tech-
nical courses, is being used. Some courses may be streamlined, shortened, or
combined with other courses to make way for additional instruction more relevant
to industry's needs today. Since the technical courses make up half the curri-
culum, a considerable amount of subject matter may be scrutinized. As possibili-
ties for streamlining and replacing materials appear, experimental curricula
should be designed and tested.

Another line of curriculum experimentation which should be explored is the
concept of knowledge and proficiency as a basis for course credit rather than
time spent in a classroom or laboratory. It would not be too difficult using
computer technology to test almost any quantitative or qualitative level of
achievement in most courses and at any interval. The basic techniques have al-
ready been developed in teaching machines and flexible scheduling. There are
serious problems involved, especially if common semester terminals in education
are disrupted on an individual student basis. But there is no reason course
work could not be speeded up or passed over altogether by dividing semester
blocks of material into smaller modules and allowing students in a given course
to proceed at their own pace. This would have the dual advantage of permitting
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good students to advance more rapidly through some courses thereby opening up
opportunities for additional material, and allowing poor students to advance more
slowly, thereby encouraging them perhaps tb remain in school instead of dropping
out.

Experimentation with this concept would also open up possibilities for eas-
ier and more realistic transitions from technology to engineering for those stu-

'dents capable of becoming engineers. There are very good reasons for giving tech-
nical students different courses in mathematics, science and technology than the
courses engineering students require. Nevertheless, some duplication of material
is inevitable for the technicians who later choose to enroll in an engineering
prbgram. This is especially true if the technicians have picked up a certain
amount of engineering knowledge on the job. Such duplication slows down the ed-
ucation of engineers and prevents them from taking other courses for which they
may have greater need.

It is hoped that curriculum experimentation dan also be instituted at the
elementary and secondary levels which would introduce basic concepts and a foun-
dation of knowledge in engineering technology to all students. Recent federal
legislation has made funds available to assist the schools in exactly this kind
of innovation. A growing list of professional papers, conference reports and
other literature suggests not only that careful thought has been given to the
idea but that it may have advantages in strengthening other parts of the curri-
culum in addition to vocational and technical education. It would almost cer-
tainly influence more students to consider careers in engineering and technology.

Student Follow Up Data: The test of any educational system is what happens
to the students after they leave. Follow up information is the only means through
which faculty and administrators can measure the success of their efforts. Some
follow up information about graduates is available at each of the institutions,
but it is difficult to gather and keep up to date. Techniques for automatic fol-
low up using computer technology have been developed in several states, and the
Arizona State Department of Vocational Education is in the process of develop-
ing such a system. In addition to providing educators with more complete infor-
mation and making it more readily available this enables the schools to maintain
closer contacts with former students. A uniform autamatic follow up system for
all institutions in the state using their own data processing equipment would be
reasonably inexpensive and would have considerable value. Such a system would
also make it possible to follow up students who do not graduate. In view of the
rather considerable number who apparently henefit from a partial education, this
kind of information should be available in designing curricula and in counseling
students.

Continuing Education: All of Arizona's universities and junior colleges,
and several of the high schools, have developed evening programs. The universi-
ties have extension courses in many parts of the state. Additional junior col-
leges are being built which will open up new opportunities for industrial per-
sonnel to continue their education. Yet the results of this study would indi-
cate that more needs to be done. Two additional steps might be taken. One would
be to take an inventory of evening and extension courses now being offered all
over the state by all of the institutions. From this a coordinated State-wide
program could be developed by each institution adding courses where obvious needs
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are not being met. If unnecessary duplications were found to exist, these could

be resolved.
-

The other step would be to create schools of continuing education in the
universities with responsibility for complete degree and non-degree programs of-
fered primarily in the evening in both on-campus and off-campus locations. A
great deal of care needs to be exercised that such progr-ams meet the same aca-
demic standards that are maintained for the regular daytime programs. There are
difficult problems involved, especially in obtaining fully qualified faculty and
in the use of laboratories, special equipment and library materials. But there
is no reason to believe that a new concept in education cannot be created from
the combined resources of the schools and industry which will be just as capable
of excellence as those now being followed. The need to do so is quite apparent.

A Master Plan: The information developed in this study should be used as
a source in exploring more efficient and more effective ways of educating engin-
eers, technicians, and skilled personnel for careers in industry. It offers a

foundation upon which future planning.may be based. Many of the states have made
studies of their engineering programs or their technical and vocational programs
and have arrived at plans for developing one or the other separately. This
study would indicate that educational planning at all levels should be closely
coordinated between schools, school systems, and industry. On that basis a plan-
ning program is suggested for Arizona along these lines:

1. Each school individually should make an analysis and review of its pro-
grams using both faculty and representatives of industry on special review and

planning committees.

2. Individual school plans should incorporate as many of the suggestions
from this report as seem feasible and advisable, including: new programs where
they are needed; work experience in the curriculum; new combinations of courses
based on occupational analysis; new concepts of regulating the time, sequence
and content of degree programs; more general education, especially in communica-
tions and business; and provisions for continuing education equal to those for

full-time students on the campus.

3. Individual school planning programs should be coordinated for the state
through the deans of engineering and technology. Regular channels of communica-
tions for this purpose should be maintaino.d on a continuing basis, and periodic
meetings of the deans should be held to assure a state-wide program of education
adequate for all the needs of engineering and technology.

4. Recommendations of the school planning committees, and of the deans
of engineering and technology meeting together, should be widely circulated for
maximum coordination and participation by the schools, by other public agencies,
and by industry.

Periodic Review: The information in this study should be kept up to date
probably on an annual basis. The conclusions and recommendations based on the
information now current should also be reviewed periodically. An annual con-
ference on engineering technology, preceded by an updated supplement to this re-
port is recommended. It would provide an opportunity each year to Leexamine
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old ideas and propose new ones. It would serve to hold the schools, the public
agencies, and industry together in a common effort that involves them all. It

would present to the public the progress and achievements to which each insti-
tution and company had contributed, and also the needs for public support with-

out which success would be impossible. It would allow educators, students, in-
dustrial management, and the public to share ideas and exchange viewpoints.

With this kind of interest and participation in the continued development
of engineering technology, industry will be assured of the best product the
schools can produce and the schools will be assured of the support they need in
carrying out their responsibilities.
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Arizona State Survey of Engineering Technology
Northern Arizona Univorsity

Occupational Research Coordinating Unit
1626 W. Washington

Phoenix, Arizona

EMPLOYER INFORMATION

Please complete this form for each engineering or related occupation in your organization. Additional forms will be provided
as nudod. Writ. the occupation to which this questionnaire refers in the appropriate space below.

2. Give an Employee Data questionnaire to each employe. in this occupation, and record the questionnaire serial numbers
in the appropriate space below.

3. Mail the completed information in tho prepaid envelope provided.

1. Employor Mark Answers Here

Grol Adcver Not
Knwig. Crs. Necossary

1 2 3

(21)

14.

15.

2. Occupation 3. SIC

4. Employoe quostionnaire Hr. No. 5. Total employees (22)(23)
6. Current vocancies 7. Estimate need 1 year (24)
S. Comments or reservations

(25)
(26)(27)

9. Monthly salary range for this occupotion
(if paid by month).

Minimum Moximum

Less than $500 Less than $500

$5004700 $5004700

$7014900 $7014900

$90141,200 $90141,200

More than $1,200 More than $1,200

10. Hourly range for this occupotion (if paid by hour).
Minimum Maximum

Lees than $2.50 Lees than $2,50

$2.5043.00 $2.5043.00

$34144.00 $3.0144.00

$4.0145.00 $4.0145.00

More than $5.00 More than $5.00

11. What level of education Is REQUIRED by your argon-
Ization, and what level Is PREFERRED for this occu-
pation? (Mark only one of each)

Less than High School

High School diploma or Huivalent

Vocational-Technical School

Mark Answers Hire
Minimum Maximum

(1) (2)

1

(28)
_(29)(30)(31)
_(32)2 (33)

3

4
(34)(35)

5 --(36)
Minimum Maximum

(3) (4)
(37)(38)
_(39)

2 (40)
3

4
(41)

5
(42)

Requirod Preforred
1 2

(5)

(43)(44)
_(45)(46)
--(47)

(6) (48)
(7)

Not
Major Minor Used

1 2 3
(8)

Training Specialty
Armed SorvIces school

(9)
Training Specialty

One or more pars of colloge without degree----
Vous

Asoociate *pH(10)
_(49)

(11)
Mee jor

Baccalauriate degreo In enginoering

Baccalaureate degrees (other than engr )

(50)
_(51)

(12) (52)

(13)
Major

Masters degree.
(53)

(14)
Major

Doctorate

(54)
(1)

Not
Req. Pref. Necessary

1 2 3

4111111101 (15)

Major
12. Is exporience, in addition to education, either RE-

QUIRED or PREFERRED or NOT NECESSARY for per
sons being employed in this occupation?

13. What Hidence of proficiency do you require. whim
employing persons In this occupation:

Statement of oducation and/or experience?

School certificate or dogree?

Standard test

(2)

(3)

_ (4)
(5)

Required

(16)

_
(6)

(7)

(8)
(17)

(9)
(18) (10)
(19)

profidency
(Name of test)

Practical skill test or trade test?

Other(20)

_(11)
(12)

Do you fHl that a GENERAL KNOWLEDGE of the
following subjects is necessary In preparing for this
occupation? In which subjects do you feel ADVANCED
COURSES should be taken in preparing for this
occupation? (Mark only one preferonca for HA
course)

Algebra

Geometry

Trigonometry

Calculus

Differential Equations

Physics

Chemistry

Geology

Applleed metallurgy

Non-metallic materials

HAraulics-Pneumatics

Manufacturing processes

Machine tools
Machinability

Machin* oconomics

Instrument calibration and measurements

Elictricity-oloctronics

Integratod circuits

Computer programming

Computer tochnology

Drafting
ComputorgraphIcs

English grammar and composition (writing)
Vocabulary and comprehension (reading)
Oral communications (speaking)
Business administration (accounting, economics, law)
Social studies (history, politkal science, sociology,
P1'601090
Humanities (literature, philosophy, fine arts)

Which of the following are MAJOR skills used In
this occupation? which are MINOR skills? Which ore
NOT USED in this occupation?
Research

Supervision or teaching
Production design
Systems analysis

Quality control
Testing materials, products and equipment
instrumentation and calibration
Production Inspection
Production layout
Drafting
Computor programming
Setting up and maintaining eloctronie equipment
Setting up and maintaining automatid production
equipment
Setting up and maintaining precision machinory
Surveying

Writing technical reports
Sales, consulting, or public relations
Othor
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Yes No Optgan
1 2 3

(13)

(14)

(15)

(16)

(17)
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16. (Mower only for degree programs)
Do you feel any of the following non-technical
courses should be strengthened in the degree pro-
grams preparing persons for this occupation?

Communications (reading, writing, speaking)

Simms (economics, amounting, law, taxes)

Social Studies (history, political science, sociology,
PoYchology)
Humanities (literature, philosophy, art)

Othor

Yes No 17. Do you feel that non-technical or liberal arts courses
1 2 contribute to a successful carter In this occupation?

(18)

Yes No III. Does your organization provide training on the job
1 2 In thls occupation? (Answer all that apply)

(19) For all new employees?

(20) For employees who need special training?

(21) For employees to be advanced to higher positions?

(22) Other?

V. No Forth/ 19. Could this kind of training be provided just as easily
1 2 3 in the schools?

23)

yes No 20. Do you subsidize additional university, junior college,
1 2 or high school education for your employees In this

(24) occupation?

yes No 21. Do you arrange special courses at public or private
1 2 institutions for your employees in this occupation?

(25)

22. Why do you assist your em7rgyees In acquiring addi-
Assistance tional education? (Answer all that apply)

(26) To make up deficiencies in their previous education?

(27) To help them keep up with changing technical skills
and knowledge?

(28) To help them prepare for mar* advanced positions?
(29) To increase their value to your organization with a

broader educational background?
(30) Other?

23. Do you feel that the following institutions should
assume MORE responsibility, LESS responsibility, or
the SAME responsibility as now In preparing persons
for this occupation? (Mark one choice for each)

(31) High Schools (vocational, pre-technical, pre-profes-
slow!)

(32) Vocational-Technical Schools

--(33) Junior Colleges

(34) Senior Colleges and Universities45) Graduate Schools

(38) industry (In-service and on-the-job training)

(37) Labor Unions (schools and apprenticeship programs)

Mare Less Semi
1 2 3

No
Yes He Opinion

1 2 3

(38)

(39)
(40)

11111.

(41)

(42)

Preference
let 2nd 3rd
(43) (44) (45)

1

24. In the education of persons for this occupation, do
yau favcss

Cooperative school-Industry programs in which stu.
dents spend part of their time In school and part
of their time on the job?

Expanding enrollments in Arizona schools?

Adding programs In Arizona schools where they are
not presently offered?
Special programs In Arizona schools to upgrade
experienced employees from lower level occupations?
National registration or certifkation based on uni-
form standards?

25. In hiring employees in this occupation, where do you
prefer to get them? (give first three preferences only)

Promoted from lower level positions in your own
organizations. 32. Additional employer comments
Directly from the schools.

From the armed services.

From other employers.

From the unemployed.

Mark Answers Here
Demoted or
Discharged

Yes
1

No
2

Uncertain
3

(47)

(49)
(50)

Major Minor
1 2

Yes
1

Yes
1

(51)

(52)

03)
(54)

(1)

(2)

(3)

No
2

Ns
2

(4)

(5)

(8)

(7)

(8)

(8)

(10)

(11)

(12)

(13)

(14)

(15)

(16)

(17)

(18)

(19)

(20)

(21)

(22)

(23)

(24)

(25)

(26)

(27)

(28)

(29)

(30)

(31)

(32)

(33 )

26. Approximately what percent of employees In this
occupation are demoted or dischermed each yew
because of unsatisfactory performance? (Ammon',
one)

a. Less then 1%

b. 1% 5% (1 oat af 20)
C. 5% - 10% (1 out of 10)'
d. 10% - 25% (1 out ef
e. More than 25%

27, Of those demoted or discfzrgod In the pat year,
did they haves

Approximately the same amount of formal education
as other employees at the same level?
Approximately the same amount of work experlince
as other employees at the some level?
Vocational or technical training In school?

Personality or discipline problems unrelated to thilr
education and training?

211. What are the MAJOR and MINOR factors you con-
sider In giving promotions to emploros In this
occupation? (Mark all that apply)
Examination

Education

Experience

Saniority

Job performance

Personality

Othor

29, Havo the technical skills and knowledge used In this
occupation chant* In the past fly* years?

30. Do you behove they will chang* In the next flve
years?

31. If changes are taking place, do you fail that sty-
dents preparing for this occupation will need mere
work In the following subjects than Is now needed?
Algebra

Geometry

Trigonometry

Calculus

Differential equations

Physics

Chemistry

Geology

Applied metallurgy
Non-metallic materials

Hydraulics pneumatics

Manufoduring processes

Machine tools

Machinability
Machine economics

Instrument calibration and measurements

Electricity - electronics

integrated circuits

Computer programming

Computer technology

Drafting

Computergraphics

English grammar and composition (writing)

Vocabulary and comprehonsion (reading)

Oral communications (speaking)

Business administration (accounting, economics, law)

Social studies (NOW, Polinall rims, oodology,
PsychologY)
Humanities (literature, phr...sophy, fine ads)

Or suggestions
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N? 11239

Arizona State Survey of Engineering Technology
Northern Arisen. UniversityOccupational Research Coordinating Unit

1626 W. WashingtonPhoenix, Arizona

EMPLOYEE DATA

You are being asked to participate in a survey of engineering technology and industrial skills in Arizona, which Is needed
by the educational institutions to update and improve their programs. All information will be kept strictly confidential, and will
be used in statistical analysis only. Please answer all questions as accurately and frankly as you can. If you are in doubt about
any question, answer it to the best of your ability. When finished, please mail the completed questionnaire to the Occupational
Research Coordinating Unit in the postage paid envelope provided. DO NOT SIGN YOUR NAME. Remember, this information
is confidential. IT WILL NOT BE SEEN BY YOUR EMPLOYER.

DIRECTION& 1. Give written information as briefly as possible on the appropriate lines provided.

2. Answer all other questions by marking the appropriate space 'In the answer column.

Mark Answers Hers
(1-5)

1. What is your lob title?
Mark Answers Here

(26)
5. What is the highest level of education you have

reached, either in school, the armed forces, corre-
spondence, or self-study? (Mark only one)

2. Approximately what percent of your time on this
job do you spend in the following activities? (Please
chock the entire list before answering)

1 Less than high school

% (6) Research 2 High school diploma or equivalent

% (7) Supervision or teaching 3 Vocational-tecSnical school
Training Specialty(28-29)

% (8) Production design
4 Armed Services School

Training Specialty% (9) Systems analysis (30-31)

% (10) Quality control 5 More than one year of college without clegreer
(32)

% (11) Testing materials, products and equipment 6 Associate degree

% (12) instrumentation and calibration
(33-34) Malor

7 Baccalaureate degree In engineering
% (13) Production. Inspection

% (14) Production layout
(35-36)

Baccalaureate dogre. (floe ongineering
Major

% (15) Drafting 9 Masters degree

% (16) Computer programming
(37-38) Meier

V. (17) Setting up and maintaining electronic systems (39-40)
1 (27) Doctorate

Major

V. (18) Setting up and maintaining automated production
equipment

6. What Is the present name and location of the insti-
tution from which you received your highest degree,

V. (19) Setting up and maintaining precision machinery diploma, Of certificate?

% (20) Surveying

V. (21) Writing technical reports

(22) Sales, cOnsulting, or public relations (41-44)--%
% (23) Other Yes No 7. If you were selecting a school today to prepare for

1 2 your present occupation, would It be the same choice

(24) 3. If you are a salaried employee or self-employed,
what Is your present monthly salary? (Mork only one) (45)

that you made before?

Less than $500

$500 - $700

Major
Reason

1

Minor
Reason

2

8. Why did you attend that institution? (Mork each
reason as MAJOR, MINOR, or leave blank)

23 $701 - $900 (46) Convenient location

4 $901 $1,200 (47) Scholarship or other financial benefits

5 More than $1,200
(48) Family influence

(25) 4. If you are an hourly employee, what is your present
base pay? (Mark only one) (49) Repu ation of the school in your field

Less than $2.50 (50) infleenced by high school teachers or counsellors

2 $2.50 - $3.00
(51) Infivonced by friends

3 $3.01 $4.00

4 $4.01 $5.00
(52) Influenced by representatives of the school

(53)5 More than $5.00 Other
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13. How many years has it been since you received your
highest degree, diploma, or certificate? (MA only
one)

One yeer or less

Two years

(S4)

1

9. What is your present age?

Less than 20

20 29

30 - 39

40 - 49

(29)

1

2----
25 SO or older
3 Three to five years

10. What was your major course of study in high school?
(Mork only one) 4 Five to ten years

General education

1 College preparatory
More than ten' years

IMEMON

3111011.1.11ND Vocational-technical

4. Industrial arts
Yes No

1 2
14. Have the technical skills and knowledge used in your

job changed during the past five years?

Agriculture
(30)

Business

7 Other Yes No
2

IS. Do you feel that non4echnical or liberal arts courses
contribute to a successful career in this occupation?

11. What was your approximate academic class rank in
high school? (Mark only one) (31)

LOWS,' V4

Upper

Skilled
Engr. Tech. Cftsmn.

16. How long haw you worked either as an engineer,
technician, or skilled craftsman? (Answer all that2 1 2 3

.

apply)34111 Upper Vb

4 Upper V4 (32) Less than 1 year

S---- Upper 10% (33) 1 - 3 years

Gen- Advan-
oral cal Not 12. Does your prelent job require a GENERAL KNOWL-

Knwig. Crs. Necessary EDGE or ADVANCED COURSES in the following 3 5 years
1 2 3 subjects? (Mark one choice for each subject)

(34)
(1) Algebra 5 - 10 years_(35)
(2) Geometry

(3). Trigonometry (36) More than 10 years

(4) Calculus

(5) Differential equations
(37) 17. What was your last full time job before going to

work for your present employer? (Mork only one)

(6) Physics

(7) Chemistry
1 Attending school_ Geology 2-- In the armed services

(9) Applied metallurgy_
(1,0) Non-metallic materials 3 A similar job In another stato

Hydraulicspneumatics
4 A similar job with another employer in Arizona

Manufacturing processes7(12)
Machine tools 5 A lower kwel job with another employer

Machinability111146. (14)
(15) Machine economics

6 A higher level job

Instrument calibration and measurements 7 Other(16)
Electridtrolectronics(17)
Integrated circuits (38) 18. Where did you learn most of the skills and technical(111)
Computer programming

knowledge needed in your job? (Mark only one)(19)
Computer technology High mhool00)

(21) Drafting

Computergraphics 2 Vocationatechnical school(1311)
English grammar and composition (writing)(23)

3 Junior college, senior college, or university
Vocabulary and comprehension (reading)(24)

_(2S) Oral communications (speaking) 4 Armed services

Business administration (accounting, economics, law)(26)
Social studies (history, political science, sociology,
psychology)

On the job(27)
Humanities (literature, philosophy, fine arts) 6 Other_(28)
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Yes No
2

(39)

19. Have you had additional training or education since
working in your present occupation? (Mark each item)

In-servke or on.thegob training provided by your
employer

Courses in public or private schools arranged and
paid for by your employer

COWS'S in public or private schools of your own
choosing but paid for by your employer

Courses in public or private schools chosen and paid
far without assistance from your employer

Olor

Do Ns
Like Not Like Oolnlen

1 2 3

(I)

23. What I. it that you LIKE about your occupation, and
whet do you NOT LIKE? (Answer every item)

Wages or salary

Opportunities for advancement

Fringe benefits (retirement, helfshollzolilon. etc-)

Working environment and failings

Employer-employee relations

Nature of the work (the kind of work you do)

Job security

The importance of the fob in our technological society

Other

(40)

-(2)

(41)

-(3)

(42)

-(4)
-(5)

(6)

(43)

Yes No
1 2

(44)

(8)

20. Was this training or education for the purpose oft
(Answer every item)

Orientation and instruction in company policy?

Acquiring technical or professional knowledge needed
on your lob?

Acquiring special skills needed on your lob?

Advancement to a higher position

Your own self-improvement

Other

(9)

(10) 24. When dld you decide to go into your present occu-
potion? (Mark only one)

Before high school

During high school

While in the armed services

During the first two years of college

During the third or fourth year of college

While employed in another occupation

Other

(45) 2--3-
(44)

(47)
5

(411)

(49) 7

(50) 21. How many promotions (salary or grade or both) have
you had in your present occupation? (Answer only
one)

None

One

Two

Three

Four

Five

More than five

22. What are most promotions based on in this occupa-
Hon? (Mork each reason as MAJOR, MINOR or leave
blank.)

Examination

Education

Experience

Seniority

Job performance

Personality

Other

(11)

25. What was the major reason you decided to go into
your present occupation? (Mark all that apply)

Your father or other members of your family were
in similar occupations
You were influenced by someone else in this Gasp
patron
You were influenced by your high school teacher or
counselor
You developed an interest In this occupation In the
Armed Forces or in another job.
You developed on interest in this occupation from
advertisements or articles In newspapers, magazines,
radio and television.
Other

(12)

3.--.4--5--6--
7

(13)

(14)

(15)

(16)

Yes No
2

(17)

26. After working in this occupation, are you satisfied
that you made a good choice?

27. What do you expect to be doing ten years from
now? (Answer only one)

Continuing at your present occupational level

Working in a higher supervisory or management
position
Working at a higher occupational level In engineer-
ing or technology requiring additional education
Working at a higher level without additional edu-
cation
Working in a different occupational field

Other

Molar Minor
Reason Reason

1 2

(1$)

1

-(51)
(52)

(53) 21=111113--(54)14MMIN.

(55)

(56) $

(57) 6

28. If you have additional comments or suggestions for Improving edcation programs for this occupation, they will be appreciated. You may

also use the back of this page for comments
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Arizona State Survey of Engineering Technology
OCCUPATIONAL RESEARCH COORDINATING UNIT - fit WEST WASHINGTON - PHOENIX. ARIZONA

ENGINEERING AND TECHNOLOGY STUDENTS

TO STUDENTS OF ENGINEERING AND TECHNOLOGY: The three state universities and six junior colleges are cooperating
in a statewide study of engineering and technical education to auist in future development and planning. All students
currently enrolled in engineering and technical programs are being asked to participate. Please supply the appropriate
answers to the questions below. Mail the completed questionnaire in the postage paid envelope in which you receive it.
You will not be identified. The information will be used for statistical purposes only. Do not sign your name.

Your age? Sex? Marital status? Draft status?

1. Name of the school you now attend?

9 Degree program in which you are presently enrolled (Associate, Bachelor's, Master's,
Doctorate)? if you are a junior college pre-engineering student in a transfer program,
indicate Bachelor's degree.

3. How many semester hours have you completed toward this degree?

4. What is your major or intended major?

What previous majors, if any, had you selected?

What is your present grade average in all subjects?

Do you anticipate working toward a higher degree when you have completed your
present program?

What was your high school major?

subjects did you have in high school:

5

6.

_7

8

How many years in each of these

9.--.Matfiematics? 10 Chemistry? 11

13. Did you take any of the follow

Industrial arts?

ing programs in high school:

Physics? 12. Drafting?

Vocational education? Technical education?

14.-15. If you took industrial arts, vocational or technical education in high school, please list the subjects and number
of years in each:

16. What was your class rank in high school?

Upper 10% Upper Vs Second Third V4 ower 1/4

17. Are you now employed as an engineer ? technician 9 skilled craftsman

18 Have you ever had industrial or mechanical employment?

19. Have you had skilled training or experience in the armed services?

90. What is your present career objective (professional or technical employment, man-
agement, teaching, etc.)?

21. Are you fairly sure this is the career you want to pursue?

22. Approximately when in your life did you first decide on your present career objective?

23. Who or what influenced you most in making this decision (family, high school counselor,

friends, work experience, etc.)?

24. In your opinion, why do many students leave this program and go in to something

else?

25. Why did you select the school you now attend in preparing for your career?

26. What is (or was) your father's occupation7

27. In which of the following monthly income brackets do (or did) your parents belong?

Less than $300 $700 - $900 - $1300

$300 - $500 $900 - $1100 More than $1300

$500 - $700
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